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Notices of the Royal Aéronautical Society. 


Vice-President. 


At their meeting held on November 16th the Council unanimously elected 
Major-General Sir R. M. Ruck, K.B.E., C.M.G., a Vice-President of the Society. 


Election of Members. 
The following members were elected in the various grades as shown at a 
Council meeting held on November 16th, 1920 :— 
Associate Fellows.—Squadron Leader J. T. Babington, D.S.O., Air Vice- 
Marshal Sir E. L. Ellington, K.C.B., C.M.G., C.B.E., Lieut.-Col. 
V. C. Richmond, O.B.E., W. Sydney Smith, Esq., B.Sc. 
Students.—N. Comper, Esq., Flying Officer C. J. Sims. 
Vembers.—Wing Cmdr. M. G. Christie, C.M.G., D.S.O., M.C., Flight 
Lieut. O. Vickers. 
Foreign Member.—C. L. Egtvedt, Esq. 
BRANCH ELECTIONS. 


Associate Fellows.—J. L. Bartlett, Esq., A. J. Campbell, Esq. 


Lectures. 
The following papers will be read during the month of December, in each 
case in the Theatre of the Roval Society of Arts, at 5.30 p.m. :— 
December 2nd.—'' Airship Mooring,”’ by Flight Lieut. F. L. C. Butcher ; 
‘* Airship Piloting,’’ by Major G. H. Scott, C.B.E., D.F.C. Air 
Marshal Sir Hugh Trenchard in the chair. 
December 16th.—'** Possible Developments in Aircraft Engines,’’ by Mr. 
H. Ricardo; and ** The Installation of Aeroplane Engines,’* by Mr. 
A. J. Rowledge. 


Binding Cases for Journal. 

Arrangements have heen made for the binding cf complete sets of the Journal 
for the vear 1920 in blue cloth cases with gilt lettering jt a charge of as. 6d. per 
volume, including the supply of the case. Members who desire to take advantage 
of this arrangement should forward their sets direct to The Lewes Press, Limited, 
High Street, Lewes, at the same time sending a remittance for 4s. 6d. to the 
Secretary at the Society’s offices. A note stating the name and address of the 
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sender should be enclosed in the parcel to the binders. As the Society is assuming 
responsibility for the payment of such binding, no order will be executed until 
receipt of a remittance covering the cost. The complete volumes will be returned 
direct to members, postage paid. 


List of Members. 
A new List of Members, corrected up to October 31st, is now available, and 
copies will be forwarded to members on request. 


Examinations Committee. 

The first Examinations Committee, consisting of Wing Commander Cave- 
Browne-Cave (chairman), Major A. R. Low, Messrs. A. J. Sutton Pippard, J. L. 
Pritchard, N. A. V. Piercy and Dr. R. Mullineux Walmsley, reported to the 
Council at the October meeting as to the general qualifications from outside bodies 
which should be accepted in lieu of the Society’s own examinations for Associate 
Fellowship. A second Committee, consisting of Dr. L. Bairstow (chairman), 
Wing Commander Cave-Browne-Cave, Dr. R. M. Walmsley and Prof. B. Melvill 
Jones, was then constituted to prepare a detailed list of examinations, degrees, 
etc., which should be accepted as qualifications, and to draft rules governing the 
examinations. This Committee has prepared rules which have been approved by 
Council (subject to the necessary confirmation at a General Meeting of members), 
and is now sitting to draw up a detailed syllabus of examinations. 


Finance. 

The Balance Sheet and Income and Expenditure Account for the six months 
ending June 3oth, together with a statement by the Treasurer in explanation 
thereof, will be found on another page. 


Library. 

The following books have been received and placed in the Library :—‘‘ A 
Treatise on Airscrews,’’ by W. E. Park; ‘‘ The Motor Marine and Aircraft Red 
Book, 1920’; ** Dynamics of the Aeroplane,’’ by Réné Devilliers ; ‘* The Complete 
Airman,’’ by G. C. Bailey, D.S.O. 

W. Lockwoop Marsu, Secretary. 
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AERIAL SCIENCE, LTD. 


(The Royal Aeronautical Society, Limited). 


HON. TREASURER’S STATEMENT IN PRESENTING ACCOUNTS FOR 


THE HALF YEAR ENDED 30th JUNE, 1920. 


The Auditors’ explanations of the points raised by the Finance Committee 
having been received and found satisfactory, the accounts are now presented as 
prepared by the Auditors. In spite of every effort for economy, they show an 
excess of expenditure over income for the six months of £277 5s. 2d. So far as 
can be foreseen, the accounts for the second six months are not likely to present 
any material differences, except that the items for Glasgow office expenses and 
Loss on Investments will not be repeated, and with one or two minor savings a 


total reduction on the expenditure side of about 4-100 should thus be effected. 


Receipts are expected to be about the same as for the first six months, but 
it will probably be necessary to write off about £400 from the figure shown in 
the Balance Sheet on account of subscriptions owing for past years. In preparing 
the Balance Sheet to the 31st December, 1919, no reserve was made on this 
account, and up to the present only about 4-300 has been collected out of nearly 
£850 shown in the Balance Sheet. This will mean a total loss on the year’s 
working of approximately £850 and an estimated annual loss for the future of 


about £450. 


The Finance Committee has very thoroughly overhauled the expenditure side 
of the account and it is not considered possible to effect any further material 
economies. It becomes, therefore, necessary to consider what steps can be taken 
to make good the anticipated deficiency of £450 by securing an increase of income 
by that amount. 


A. E. TURNER. 


15th Nov., 1920. 
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INCOME AND EXPENDITURE ACCOUNT 


Expenditure. s. d. 
lo Office Rental, Lighting and Insurance _... 82.0 6 
Exhibitions and General Meetings... 132 15 oO 
Journals, Pamphlets, etc. ... G7 3 2 
Loss on Sale of Investments ... AG. 1 A 


£1,446 7 2 


BALANCE SHEET 
Liabilities. s. d. 
To Nominal Capital 1.000 © 
Divided into 20 Shares of 1s. each and g99 Shares 
of £1 each. 


Capital issued and called up— 


sundry Creditors ite 633 14 11 
Subscriptions received in advance 2 2 © 


»5 Subscriptions Apportionable to the Six Months to 
31st December, 1920 1,070 Il 
Re serve Fund— 
Entrance Fees and Life Compositions of present 
Members as at 31st December, 1919 ... (23234) 116.50 
Receipts for Six Months to 30th June, 1920 ae 185 4 0 


Deduct Income and Expenditure Account :— 

Deficiency at 31st December, 

Add Excess of Expenditure over 

Income for Six Months to 3oth 


16 7 


————— 1,081 18 3 


£2,788 17 


40) 
1339 I g 
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FOR THE SIX MONTHS ENDING 30th JUNE, 1920. 


Income. 4 s 
by Subscriptions Apportioned for the Six Months... Ae 
»» Interest on War Loan 12 10 O 
»» Balance, being excess of Expenditure over Income i 2 


30th JUNE, 1920. 
“Assets. si od: d. 
Office Furniture, Printed Books Bindings, Sta- 
tionery, Old Prints, ete.— 


we 


As at 31st December, 1g1g 222° 
Additions during the Six Months... 
255.168 
»» Stock of Journals, ete., in hands of Society and 
with Society’s Printers, as estimated by the 
», Sundry Debtors, including Subscriptions owing ... 846 14. 0 


,, Investments at Cost— 
£500 5% War Loan (Inscribed Stock, 1929/47) 475 13. 6 


5% War Bond ... 100 
Cash— 
At Bank and on Deposit... ic, 
In hand sits 16 8 9 


We report to the Shareholders that we have examined the above Balance Sheet 
with the books of the Society, and having obtained all the information and 
explanations we have required, we are of opinion that such Balance Sheet is 
properly drawn up so as to exhibit a true and correct yiew of the state of the 
Company’s affairs according to the best of our information and the explanations 
given to us and as shown by the books of the Society. 

(Signed) Prick, Watertouse & Co. 
3, Frederick’s Place, Old Jewry, E.C.2, 
16th September, 1920. 


£1,440 7 2 
995 13 O 
£2,788 17 2 


610 THE AERONAUTICAL JOURNAL (December, 1920 


ANNUAL DINNER. 


The Annual Dinner of Members, which was the first that has been held for 
many years, took place at the Connaught Rooms at 7.30 p.m. on Wednesday 
evening, November 17th, when the President (the Right Honourable the Lord Weir 
of Eastwood) occupied the chair, and the following members and guests, 
numbering 137, were present :—Capt. P. D. Acland, Mr. C. V. Allen, Licut. R. 
Arisaka, 1.J.N., Lord Justice Atkin and Lady Atkin, Sir John Baird, Dr. L. 
Bairstow, Major T. M. Barlow, Mrs. Barrington-Kennett, Wing Commander 
Beatty, Mr. Beeby, Miss Bonham, Hon. jan Boyle, Commander I. L. M. 
Boothby, Lieut.-Col. Moore-Brabazon and Mrs. Moore-Brabazon, Mr. G. Brad- 
shaw, Major-General Sir Sefton Brancker, Mr. Griffith Brewer, Cokonel W. 
Bristow, Sir Charles Bright, Mr. G. Brodsky, Mr. R. .\. Bruce and Mrs. Bruce, 
Major J. S. Buchanan, Mr. H. Massac Buist, Brig.-Gen. and Mrs. Caddell, Mr. 
and Mrs. C. I. R. Campbell, Miss B. Carr, Major B. C. Carter, Mr. 4. E. L. 
Chorlton, Mr. A. C. Clinton, Mr. Cogni, Mr. .\. A. Collis, Lieut.-Commander 
Congreve, Mr. Cooke, M. Louis Damblanc, Colonel Davson, Mr. C. I. Fairey, 
Mr. Philip Foster (Air League), Mr. F. A. Foord, Mr. E. P. Frost, Mr. and Mrs. 
H. R. Gillman, Sir R. T. Glazebrook, Mr. D. G. H. Gordon, Capt. FF. M. Green 
and friend, Mr. and Mrs. C. G. Grey, Professor Groom, Mrs. Hamilton, Major 
Melvin Hall (American Air .\ttaché), Mr. Harry Hawker, Sir Frank Heath, 
Mr. J. E. Hodgson and Mrs. Hill Hodgson, Captain Hull, Major Humphery, 
Sir John and Lady Hunter, H.M. the Maharaj Rana of Jhalawar, Sir Alfred Keogh, 
Mr. E. G. Knight, Commander E. S. and Mrs. Land (U.S.N.), Brig.-Gen. Leach, 
Lord Londonderry, Mr. G. IF. Luke, Lieut.-Col. W. Lockwood Marsh, Mr. R. H. 
Mayo, Major J. J. Meakin, Lieut.-Col. and Mrs. F. K. MeLean, Sir James 
MecKechnie, Squadron Leader and Mrs. Mackie, Sir Peter McLelland, Mr. C. W. 
Meredith, Mr. H. A. Mettam, Mr. H. L. Milner, Lord and Lady Montagu of 
Beaulieu, Mr. Percy Noel, Mr. and Mrs. George Oliver, Mr. F. Handley Page, 
Mr. T. Page, Lieut.-Commander Perrin, Sir J. E. Petavel, \ir Commodore D. 
Pitcher, Major A. A. Ross, Mr. and Mrs. G. ‘T. Richards, Mr. A. J. Rowledge, 
Maj.-Gen. Sir R. M. and Miss Ruck, Mr. and Mrs. W. H. Sadgrove, Maj.-Gen. 
J. E. B. Seely, Cdt. Sablé (French Air Attaché), Sir Napier Shaw, Sir John 
Shellev-Rolis and friend, Mr. F. R. Simms, Mr. E. O. Simmonds, Mr. I. Small, 
Mr. H. White Smith (Society of British \ircraft Constructors), Mr. W. S. Smith, 
Mr. T. O. M. Sopwith, Dr. Stanton, Major Southwell, Mr. J. Sullivan, Mr. G. 
Holt Thomas, Mr. C. W. Tinson, The Marchioness Townshend, Air Marshal Sir 
H. M. and Lady Trenchard, Mr. A. E. Turner, Mr. Volkert, Mr. E. G. Walker, 
Sir R. M. Walmsley, Sir Samuel Waring, Mr. T. R. Waring, Lord and Lady Weir 
of Eastwood, Brig.-Gen. J. G. and Mrs. Weir, Brig.-Gen. and Mrs. Whittington, 
Mr. E. 5. Wicks, Mr. R. P. Wilson, Major H. E. Wimperis, Major Worswick. 

After the loval toasts, the health of the Society was proposed by the MarQuEss 
or Lonponperry, K.G., Under-Secretary of State for Air, who dealt with the long 
record, extending over 54 vears, of the Society, which, he thought, occupied 
what was probably a unique position, as he knew of no society in any other country 
fulfilling quite the same functions. He said that the Air Ministry had recently 
held an ir Conference whick he hoped had to some extent- cleared the ground 
and given an opportunity for discussion as to the present position of aeronautics 
in this country. He pointed out that the Society's meetings afforded to some 
extent a continuation of this work in detail and referred to the files of the 
AERONAUTICAL JOURNAL as providing almost a complete record of the progress 
made since the inception of the Society. He had much pleasure in representing 


December, 1920] THE AERONAUTICAL JOURNAL 611 


the Air Ministry at the dinner and in proposing the health of ‘‘ The Royal 
Aéronautical Society.”’ 

In reply to the toast, the PRESIDENT said :—I feel sure you will agree that 
my first duty in responding to this toast is to express on your behalf, not merely 
our deep indebtedness to Lord Londonderry for his presence with us to-night, 
but also our very hearty and sincere appreciation of the kindly and encouraging 
terms in which he has referred to our Society and its activities. 

There is something paradoxical in the recollection that while we are linked 
by the same common interest, we are members of, may I say, a very venerable 
institution, while the Ministry which Lord Londonderry represents is the most 
youthful of all the Ministries of the Crown. 

Now when the age of our Institution is considered, and the many occasions 
on which this toast has been replied to by a succession of distinguished past 
presidents, you will appreciate that it is difficult for me to be otherwise than 
discreetly conventional, but on the other hand, the vouth of the Air Ministry, 
which I might designate as the Peter Pan of all the Ministries, offers more tempting 
opportunities both for speculation and for criticism. It is the Department charged 
with the official responsibility of dealing with our common interest—the main- 
tenance in a_ healthy condition of British aviation—and we welcome Lord 
Londonderry to-night not merely for his own delightful personal qualities, but also 
for the keen interest, enthusiasm and energy which he devotes to his official duties. 
As I have said on other occasions, I have never heard anything but praise given 
to the Air Force, but seldom anything but criticism offered to the ir Ministry, 
but however inviting the opportunities may be, to-night I prefer to congratulate 
the Air Ministry on many oi its achievements, and in particular, on its inaugura- 
tion of the recent Air Conference—a most wise and statesmanlike conception. 


If anv body of solid and informed criticism existed, then the Conference offered 
ample opportunity for all to express their views, and unlike other recent Con- 
ferences, I think the Air Conference achieved something or at least indicated 
definite courses of action. Its success was lagely due to the earnestness and 
sincerity of those who organised it and those who attended it, and 1 am somewhat 
tempted to suggest an extension of the same procedure to the consideration of 
some of the other vexed questions of to-day. Why not have a Housing Con- 
ference, Transport Conference and a Food Conference? .\sfield would be available 
for the critics and it would then be possible to segregate constructive proposals 
from purely destructive and backbiting criticisms. 

In all these subjects, as well as in aviation, finance would prove to be the 
controlling factor, and the critics would speedily realise the truth and general 
application of Becky Sharp's saying that any woman can be good on a sufficient 
income. 

Now, the essential difference between the other new Ministries and the .\ir 
Ministry is the fact that the former deal with questions on which 
people are well informed, while the \ir Ministry deals with a novelty regarding 
which general knowledge is limited. However, it cannot have escaped your 
observation that such ignorance rarely limits the length and extent of a general 
discussion. I see my old friend, Marshal Trenchard, nodding his head approvingly. 
He will remember a time when everyone knew more about long-range bombing 
than he did. 

Probably the most wholesome effect of the Air Conference was its disclosure 
of most of the real difficulties and limitations concerned with the development of 
Civil Aerial Transport and the influence of this disclosure as a gentle brake on 
public impatience. It also disclosed the difficulty of efficiently and satisfactorily 
informing the public through the Press. lor example, the limitations on early 
prosperity for air transport and the supreme need for a much greater degree of 
technical development before success can be achieved, utterly failed to compete in 
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public interest with the 100-passenger aeroplane service to Cairo and the suggested 
spectacle of an aerodrome on the roof of Victoria Station. 

I feel we must be more careful or we will lose the value of our public appeal 
through the exaggeration of early possibilities. Our appeal to the British public 
must be a sane and legitimate one. The widespread interest of the public in civil 
aviation indicates that they are anxious and concerned as to its future and equally 
they are somewhat confused as to how they can assist it. The simplest and most 
practical method is to use the services between London and the Continent. Let 
them take the medicine they are inclined to prescribe for others—that will be a 
real help. An ounce of practice is worth a bushel of precept, and the success of 
these services on which the future of British civil aviation must rely, really depends 
on a sufficiency of passengers and goods. 

In these days of Soviets I am tempted to speculate on the possibility of 
Sir Frederick Svkes, under some future régime in which he would be armed with 
all the powers of a Lenin, shutting down every means of transport across the 
Channel other than by aeroplane. This would appear quite a reasonable specula- 
tion because the modern saviours of society cannot wait on development or the 
gradual education of public opinion, so that we may well conceive in the future 
the repeal of the Act for compulsory education and the substitution of one for 
compulsory aviation. 

Suecess can only come through the inherent British qualities of character, 
conviction and patience tested by the hard influence of the annual Balance Sheet. 

Let us be of good cheer, because in no direction does British effort compare 
unfavourably, and in no direction is that effort as artificial as in other lands. 

Now, ladies and gentlemen, after these few cursory and, I am afraid, some- 
what frivolous remarks, let me indicate to you how your Society is progressing. 
Its membership numbers approximately 1,000, including practically every designer, 
aeronautical engineer and scientist. Apart from the technical membership, the 
Society has also a large number of ordinary members embracing all grades of 
the community who are interested in the progress of aviation, including many of 
our famous pilots. 

We are endeavouring to improve the status of the Institution, and thereby that 
of the acronautical profession, by raising the standard required for associate 
fellowshio and fellowship, and with this object in view, a Committee is now 
drawing up rules and regulations for examinations on similar lines to those of other 
bodies such as the Institution of Civil Engineers and of the Mechanical Engineers. 

I feel vou are to be congratulated on the very excellent programme of 
important papers being read this Session, all of which are circulated by means of 
our Journal to the members; ‘and when it is considered that these members are 
now scattered in all parts of the Empire, our Journal may be regarded as a valuable 
technical propagandist organisation. 

While that is all to the good, we cannot afford to rest on our oars, and this 
permits me to express the hope that members will occasionally ask themselves 
* What can I do to helps’ Well, the most useful help is to induce others to join 
the Society, and I trast we may look forward to a continuous increase in our 
membership. You all remember the tale of the schoolboy who was asked where 
the elephant is generally to be found. His reply was that on account of its size, 
the elephant was seldom lost. Well, on account of its importance, finance can 
never be lost sight of, and while I am glad to say that by careful economy and by 
an increase in the subscription rates, our financial position is considerably improved, 
nevertheless it still causes some anxiety and a small annual deficit appears 
inevitable. I hope to communicate personally with a number of our more influential 
members to find a solution of this problem. 


It is a matter of special pleasure to me that in Scotland we now have a 
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flourishing and active branch of the Society under the able Chairmanship of 
Sir Wm. Beardmore, which is enthusiastically keeping the torch alight in the North. 
Notwithstanding the many: libels on our northern climate and weather, a fair 
amount of flying is done, and judging from recent indications, may I say not 
entirely meteorological indications, we may look forward in Scotland to much drier 
summers than we have hitherto had. 


In conclusion, and without trespassing on the next toast, I would express on 
your behalf the great pleasure we experience at having with us to-night Mr. E. P. 
Frost, who was for many vears President of the Society, and who in spite of his 
advanced years continues to be keenly interested in aeronautics and our Society. 
Moreover, | think it is a pleasing and significant feature of this dinner that it 
comprises among our guests the gentler sex, and although the R.A... does not 
officially embrace the ladies, it may be that in the future we shall have a corps of 
Amazons of the :\ir. j 

In proposing the toast of ** Our Guests,’’ Major-General Sir RicHarp Ruck 
said :—My Lord Weir, my lords, ladies and gentlemen,—When our deservedly 
popular and efficient Secretary told me that I had to propose the toast of ‘* Our 
Guests’? at this dinner, knowing my limitations in the matter of speaking, I 
hesitated to accept, but on second thoughts as | thoroughly appreciated the honour, 
especially in view of the number and distinction of our guests, I said that I would 
do my best. 

In the first place, I have to draw your attention to the fact that we are 
honoured with the presence of His Highness the Maharaj Rana of Jhalawar, and 
I am sure that vou would wish me to oifer His Highness a very cordial welcome. 
The Maharaj has shown his confidence by flying over from Paris to London, and 
we hope that when he returns to his own country he will be able to further the 
great cause which we all have so much at heart. 

Next, we welcome the presence of distinguished representatives of our Allied 
nations. The final conquest of the air is of an international character and an 
undertaking which requires the most complete reciprocity and entente. 


I now come to a very popular branch of my subject, that is, our lady “guests, 
and the more ladies we entertain the better we shall be pleased. This Society claims 
to have had somewhat advanced views in regard to ladies, for they have always 
been admitted as members, and laiterly we have been glad to welcome them 
in the different grades of the technical side when they possess the necessary 
qualifications. It seems to me that ladies should perhaps take a special interest 
in flying, for does it not tend in the far future to fewer wars, first owing to the 
additional horrors it introduces into warfare, and second, to the closer intercourse 
between nations. However this may be, this Society is always glad to welcome 
an addition to its number of lady members. 

I would now direct attention to the distinguished representatives of the Air 
Council present to-night. Lord Weir has already extended a welcome to the 
Under-Secretary of State, and both he and Lord Londonderry have alluded to the 
useful and cordial relations existing between the .\ir Ministry and the Society. 
‘There is, however, one other name of a member of the Air Council whom I would 
wish to mention ; no gathering of this kind would be complete without the presence 
of Air Marshal Sir Hugh Trenchard, whose personality and great powers of 
organisation did so much to make the Air Force in France what it was. Those 
qualities have now a fitting scope in the ir Ministry. May I be allowed to add 
my mite of congratulation to the Air Ministry on the recent .\ir Conference. It 
appeared to me to be a ‘** brilliant inspiration *’ which should be followed up. 

I now turn to what I would term the welcome and well-known representatives 


of our kindred Institutions—the Roval \ero Club, the Air League, and the Society 
of British Aircraft Constructors. Our Society has always worked in close touch 
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and harmony with these listitutions, and I suggest that this has not been without 
benefit to the State in our recent struggle Personally, as some of you know, 
I am in favour of a closer connection when occasion requires it, as for instance 
at the present time, for the purpose of endeavouring by visits and meetings to 
influence local authorities and others interested in the advantages to be obtained 
from air transport and travel. 

There is one other Society I wish to allude to—it is the newly-formed 
Cambridge University .\eronautical Society, whose representatives are heartily 
welcome here this evening, and we wish them success. I should like to take 
advantage of this opportunity to express the great appreciation which I am sure all 
connected with the technical and scientific side of the Air Ministry felt for the work, 
some of it brilliantly done by the voung Cambridge University men, during the 
war in connection with the Air Service. 

There are a certain number of distinguished individuals here to-night whom 
the Society would wish me to mention, but I know there are distinguished men 
here whose names I have not got. I owe them an apology. 

In the first place M. Damblanc, who has come from [France specially to deliver 
a lecture to the Society on that difficult and elusive proposition—the Helicopter. 
We owe him our best thanks, and the Society hope that all members who are able 
to will attend the lecture to-morrow at the Society of Arts. The subject is a very 
important one, and we hope to hear the latest developments which our friends and 
Allies, the French, have been able to accomplish. 

Next we are pleased to entertain Lord Justice Atkin, who was kind enough 
before the war to preside at one of our lectures entitled ‘‘ The Right to Fly,”’ 
and told us the state of the law relating thereto at that time. I believe that his 
views still hold good. 

The last name I propose to bring before vou is that of the very distinguished 
Administrator and Scientist, Sir Alfred Keogh, who ts I understand going to reply 
to the toast. Sir Alfred and 1 (if I may be allowed to say so) are old friends, and 
a good few years ago we met frequently in the Council Chamber of the War Office, 
when we were all busily employed in the game of what children call ** make-believe.” 
We were trying to ‘‘ make-believe "* that it was possible we should be engaged 
before long in fighting a great European power. Not many (with one great soldier 
as an exception) considered this as probable, but all the same, the game was plaved 
with great zeal and industry, and the result was the highly efficient state of the 
training, supply, transport and medical services of the immortal British Army of 
1914. On the medical side, the difficulties were enormous and the results speak 
for themselves. To no individual is greater credit due for this fact than our 
guest, Sir Alfred Keogh. 


I have now only to say to each one of our guests on behalf of the members of 
the Society that we are very glad to have you amongst us to-night; that we hope 
that you have enjoved yourselves; and in the words of an old Welsh saying still 
used to speed the parting guest—‘' May God hold vou in His keeping until vou 
come again.”’ 

Sir ALFRED KEOGH, in responding on behalf of himself and the others, said :-— 
It is a privilege, which I value, to be permitted to respond to this toast since the 
visitors this evening comprise so many persons of great distinction in the aero- 
nautical world. I could have wished, however, that in conveying the thanks of 
the guests for vour kindness in inviting them on this occasion I had sufficient 
knowledge of the subject of Aeronautics as to be able to continue the speeches at 
the same high standard as that attained by both Lord Weir and Lord Londonderry 
This, unfortunately, I am unable to do, for I stand only at the periphery of the 
group of workers in this branch of knowledge, and I am only there because 
the Imperial College of Science, whose principal officer I am, has been selected by 
Government as the seat of the principal school for higher education and research 
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in this branch of science. Sir Richard Glazebrook, who is the Director of that 
School, could have added to his thanks to you for your hospitality and for the 
privilege you have afforded your visitors of hearing the foregoing speeches, 
information regarding the School established at the College, which would have 
interested you. I can only say that for the branch now set up and which has 
begun to function within the past few weeks, I augur a successful future. It has 
begun well, for fortunately we have been able to secure for it eminent men of 
science whose names are known to vou, and consequently we hope to develop it on 
lines worthy of the subject. 

May I be permitted to thank my old friend and co-worker, General Ruck, 
for his kind references to myself in his speech proposing this toast. I occupy a 
different position from that to which he has alluded when we were colleagues. The 
subject with which we are now concerned is different but not less important than 
that at which we formerly laboured. Indeed, in some respects it may be considered 
of greater urgency and importance than any naval or military problem of the day. 
Finally, my lords, ladies and gentlemen, let me offer to vou on behalf of your 
guests the warmest thanks for your kindness in inviting us to be present here 
and for the pleasure you have afforded us. 

The evening terminated with a very enjovable programme of music provided by 
Miss Diana Lawrence (Soprano), Miss Laurie O’Beirne (Violinist), Mrs. Nem 
Cooper (Accompanist), and Mr. Edward Dykes (Bass-Baritone). 
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PROCEEDINGS. 
SECOND MEETING, 56th SESSION. 


The Second Meeting of the 56th Session was held on Thursday, October 21st, 
1920, in the Hall of the Roval Society of Arts, London, Major-General Sir W. S. 
Brancker occupying the chair. 

The CHAIRMAN said he would not waste time in perfunctory remarks. They 
had two papers to deal with, by two very distinguished airmen. He would call 
on Squadron-Leader R. M. Hill to give them his paper. He was an old aviator, 
Was interested in aviation before the war, and flew steadily through it; he was 
one of the best experimental pilots in the world, and was still hard at it, flying 
experimental machines, proving one of his (the Chairman’s) contentions, that 
flving did not spoil one’s nerve. One could go on until quite an old man. 

Squadron-Leader R. M. Hitt, M.C., A.F.C., then delivered an abstract of 


the following paper :— 


A COMPARISON OF THE FLYING QUALITIES 
OF SINGLE AND TWIN-ENGINED 
AEROPLANES. 


Introduction. 


2. Control and Design. 

3. Effect of Engine on Control. 

4. Effect on Single-Engined Aeroplanes. 

5. Effect on Multi-Engined Aeroplanes. 

6. Details of Engine Controls on Multi-Engined Aeroplanes. 
7. Practical Flying Notes on Twin-Engined Aeroplanes, 


8. Conclusion. 


1. Introduction. 

i feel that the following notes may prove of some use, in view of the fact 
that considerable experience with multi-engined aeroplanes has been allowed to 
accumulate without its being definitely brought together and analysed; and that 
the best way to deal with their flying qualities is to compare them with those of 
the single-engined type, on which most of us have been brought up. However, 
this experience is still small compared to that of the single-engined type, which 
has formed the great bulk of aeroplanes that have seen service, and, so to speak, 
our stock-in-trade of fiving knowledge. From our experience with single-engined 
aeroplanes we will try to deduce first principles and apply them to multi-engined 
aeroplanes. 

I mean by a single-engined aeroplane an aeroplane which has one propeller, 
that is, one thrust axis; and by a twin-engined aeroplane one that has two thrust 
axes parallel to the fuselage and approximately on the same level. The modern 
four-engined aeroplane as a rule has also two thrust axes, disposed similarly to 
the twin. : 

i take multi-engined aeroplanes to include the twin-engined type, and it is 
with this latter I intend chiefly to deal, developing the argument at times to include 
the former. I hope to outline the essential differences from the pilot’s point of 
view between the single and twin-engined types, and to approach the subject 
purely as a pilot would approach it; that is, as one who accepts the type as he 
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finds it, and must use it intelligently, appreciating its faults and its excellences, 
so that he may be cautious of the one and sensitive to the other. Though | 
suggest improvements, I am not primarily concerned with the criticism of any 
particular type, and assume that the various types have their own peculiar 
justification. 

Before commencing the analysis I regard it as essential to examine the 
question of the pilot’s control of the aeroplane in some detail. So much flying 
is done instinctively that comparisons are apt to be made solely in terms ot 
likes and dislikes; long fiving experience makes reliable and sometimes brilliant 
pilots, but often leads them further and further away from the critical point of 
view. Do they always remember that aeroplanes have often to be flown under 
bad conditions by weaker brethren? I think that sound criticism should aim at 
improvement in design calculated to assist the inexperienced, and that emphasis 
should be laid. on the necessity of sound and sympathetic instruction where 
difficulties are known to exist. One of the greatest obstructions to advance 
is the confusion of healthy criticism with unconscious attempts to lower morale 
in flving. 

Broadly speaking there is a similarity in the flying of all modern aeroplanes, 
but different tvpes do need different handling, and it seems to me that the widest 
gulf lies between the flying of aeroplanes which have more than one engine 
and those which have not. Having been brought up on the single-engined type, 
we might well be excused for thinking that our experience would be fully 
adequate to meet any contingency that might arise in the twin-engined type, 
but unless we use this experience with care, and select that only which is 
essentially applicable to the twin-engined type, there are pitfalls awaiting us. 
Later on I shall examine where this experience may help us, and more important, 
where it may lead us astray. I shall advocate an appeal to first principles, 
to which a pilot who flies with his head will instinctively revert in case of difficulty 
or bewilderment. 


When all is going well in flight, or apparently going well, which may be a 
very different matter, an insensitive pilot will often quite cheerfully incur unneces- 
sary risks. If while incurring such risks something unforeseen happens, he 
is unable to meet it coolly and intelligently ; if he is pot flying with his nead as 
well as his heart he cannot with confidence make a rapid decision and carry it 
through. 

There is no coubt that the twin-engine type involves greater concentration 
in flving generally, simply because the pilot has more to look after; he has to 
cope with the difficulties met with every day in the single-engined type, but in 
addition he may meet with certain extra ones involved in the twin, the cumulative 
effect of which has undoubtedly led in some cases to crashes which might have 
been avoided had these difficulties been justly appreciated. These crashes on 
twin-engined aeroplanes gave rise to an exageerated idea of their abnormal or 
dangerous behaviour under certain conditions, the reason for which was but 
dimly realised and highly coloured by quite unjustified feelings. If a calm 
appeal to reason had been made, these difficulties would have been seen to be 
perfectly normal, and only to be expected as inherent in the design, 


Let us consider what factors in the design are the most vital to the pilot, 
and then how they influence his handling of the aeroplane. 


2. Control and Design. 


Undoubtedly, for pure flying, that is the pilot’s part in the maintenance of 
an aeroplane in flight, control will be uppermost in the pilot's mind, and as such 
claim nearly all his attention in flight. Control may be roughly divided in two; 
control of the aeroplane, and control of the engine or engines. 
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I think that the key to the problem may be said to be the correct apprecia- 
tion of how the two parts of the control re-act on each other. A failure to 
appreciate this, an attempt to treat subconsciously the two parts as separate 
involves grave confusion. It may be argued that a modern acroplane is perfectly 
controllable without engine or engines, and that to make things simpler the 
aeroplane control may be thought of and analysed alone. This statement is very 
misleading because it is so near the truth. Just where it falls short of the truth 
the difficulties commence, and in two main directions. 

Firstly, when the power is completely shut off, the two elements of aeroplane 
and engine control are most nearly separate in the pilot’s mind. Theoretically, 
with an aeroplane control complete in itself, a pilot might carry out any manoeuvre 
whatsoever, using gravity as a motor. Even if the aeroplane control could be 
regarded as complete in itself, it has not up to the present been made complete 
enough to meet effectively the control requirements of the aeroplane between all 
engines on and no engines on. It is obvious that in some aeroplanes these 
requirements are far more comprehensively met than in others, which means that 
the pilot can only regard this as a genuine difficulty which so far applied design 
has failed to overcome completely. 

Secondly, in practice, especially with twin-engined aeroplanes, the aero- 
plane control is not complete in itself. Although recourse to it alone is necessitated 
in a forced landing with no engine or engines, in which case the best possible 
use has to be made of it, in actual fact most modern aeroplanes pass the accepted 
standard of controllability, when their control at low speeds is bolstered up by 
the use of engine to assist the rudder for instance. If the same standard were 
demanded without any engine, many aeroplanes would fail to come up to it. I 
know cases where Handley Page, Vickers Vimy and even Bristol Fighter aero- 
planes have been extremely difficult to manage when approaching an aerodrome 
in rough weather without engines or even with engines throttled right down. 
The engines had to be applied solely to render the control effective. This is taken 
for granted by pilots and scarcely thought about. 


3. Effect of Engine on Control. 

Even the most modern aeroplane engine may be controlled in two ways, 
firstly by the pilot, and secondly by mechanical faults, including faults in the 
petrol system. ‘There will be two main considerations then; firstly, the effect of 
the engine on the aeroplane and the consequent movements of the controls as 
the pilot varies the power at will, or for some particular purpose, and secondly, 


the effect of sudden engine failure. If the pilot varies the power at will, he 
knows what he intends to do and therefore has a general idea of the effect on the 
aeroplane. The effect will be foreseen in the first case, may be violent and 


unforeseen in the second, and in general influences the aeroplane in four ways :— 

(a) The presence or absence of slipstream will, by affecting the tail, influence 
the longitudinal and lateral trim of the aeroplane. 

(b) Simultaneously the position of the thrust axis or axes relative to the 
centre of gravity will do the same when the thrust is varied. 

(c) The engine torque varies with the horse-power developed, and naturally 
alfects small single-engined aeroplanes to a much greater extent than 
large aeroplanes. 

(d) The gyroscopic effect of a rotary engine may influence the aeroplane when 
it is manceuvred. 

It will be seen from the above that reactions of a complex nature may be 

taking place, with all of which the pilot must deal. 

The pilot may be earrying out a manceuvre approaching the limit of his 

aeroplane control, when engine failure will suddenly introduce a completely new 
set of conditions involving possibly a total loss of control. 
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4. Effect on Single-Engined Aeroplanes. 


Before considering in detail the effect of engine on the control of multi- 
engined, it will be well to examine shortly that of single-engined aeroplanes. This 
must be done just so far as it affects the pilot and his power of control over his 
aeroplane. Take the four effects mentioned in para. 3 (a), the most important 
of course is that of the slip-stream on the tail. Assuming that the tail portion 
consists of a fin and rudder, tail plane and elevators, and that these are partly 
in the slipstream, various and sometimes unsymmetrical loads will be applied as 
the power varies. The air of the slipstream is washed downwards, and also 
given a rotary motion by the propeller. If it were possible to design the fin 
symmetrically in the slipstream, there would be no force on it. However, in 
practice, this is very diflicult to achieve, owing to angle of incidence of the wings 
when landing and other considerations. Therefore in nearly all modern aeroplanes 
there is a tendéncy to turn one way with engine on; in some aeroplanes violently, 
in others less violently. Some of the former were provided with shock absorber 
on the rudder bar to relieve the pilot’s feet of strain. It was found possible to 
neutralise some of this turning tendency by balancing the upper portion of the 
rudder on the R.E.g aeropiane. It was thought that as the upper part of the 
rudder was clear of the slipstream, the balanced portion had a neutralising effect 
owing to its angle when the slipstream was acting on the fin and the rest of the 
rudder. 

It may be noted in passing that it has been observed that the smaller the 
diameter of the propeller, the more violent is the action of the slipstream on the 
fin. A Lion D.H.9A. was turned out with a propeller of a certain diameter, and 
exhibited a violent turning tendency. By increasing the diameter of the propeller, 
the turning tendency was reduced to reasonable proportions. 

Again, the slipstream acts on the tail plane. Most modern aeroplanes are 
provided with a moveable tail, which is specially necessary on aeroplanes with high- 
powered engines, for the purpose of rendering the pilot’s aeroplane control adequate 
to meet the control requirements from engine full on to engine off. It should be 
noted here that the tail cannot be operated very quickly, especially in the case of 
a wheel control. That is why, if possible, a lever should be provided, apart 
from its other advantage of registering the position of the tail plane to the pilot. 


Slipstream acting on a tail set at a negative angle will render the acroplane 


more tail heavy engine on than engine off. According to the design of the 
aeroplane this feature is in evidence to a greater or less degree. Pilots naturally 


like an acroplane which has a small difference of trim engine on and off. In some 
aeroplanes the range of movement of the tail plane is not sufficient to provide 
adequately for this difference of trim, and elevator control which should be available 
for emergencies, has to be used. up in trimming the aeroplane in what ought to 
be its normal range of flving speeds. The greatest fault of the modern acroplane 
is its inadequacy of control at low speeds, and if it is out of trim as well, the 
fault is accentuated. 

With stable aeroplanes it is possible to ascertain immediately whether the 
tail plane has sufficient range for flying requirements, as the aeroplane with 
elevators free will take up definite stable trimming speeds, if they exist; with 
unstable acroplanes, or acroplanes only stable at low speeds, the problem is more 
complicated, and it is necessary to measure the forces on the control stick. For 
instance, if a pilot flies an aeroplane without any knowledge of its stability, he 
may find that it is nose heavy with full engine at 80 m.p.h. If it were a stable 
aeroplane, it would be certainly as nose heavy, if not more so, at 60 m.p-h. ; 
however, if unstable, it might quite well have a neutral trimming speed at 60 
m.p.h. (no foree on the control stick) and be actually tail heavy at 50 m.p.h. 

(b) In most single-engined aeroplanes, the position of the axis of thrust, 
unless the aeroplane be designed for some special purpose, does not affeet the 
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pilot nearly so seriously as the effect of the slipstream. Its actual effect cannot 
be dissociated from that of the slipstream as it occurs simultaneously, but the 
axis of thrust is not usually at a great distance from the centre of gravity of the 
aeroplane. It should be noted that its effect may add to or subtract from that 
of the slipstream. Although not strictly relevant to engine control, the effect of 
the opening or closing of radiator shutters, especially with underslung radiators, 
has a marked influence on the longitudinal trim. 

(c) The engine torque is in general a small effect. It was noticeable on the 
D.H.2 when the engine was switched on and off, and on other small span aero- 
planes. If the engine is opened gradually the torque is difficult to detect, but 
with an engine like a Monosoupape Gnome, which is switched off and on without 
throttling, the effect on a small span aeroplane is at once apparent. 

(d) As far as 1 know the gyroscopic effect of a large rotary engine, with 
one or two exceptions, only. arises now-a-days with single-engined aeroplanes, and 
so consideration of it hardly assists a comparison with multi-engined acroplanes. 
However, on a single-engined aeroplane this effect is felt in almost every natural 
manoeuvre that a pilot can carry out. 

As the engine power is varied, its relations to the aeroplane control, as in (a), 
(b), (c) and (d) have been discussed as separate factors in a complex effect, such as 
the slipstream on the fin, or the position of the axis of thrust in its relation to 
the longitudinal control. But these in flight are so closcly interrelated, at least 
to the feel of the pilot, that it may be well to consider the whole in relation to 
practical flying. 

It might first be mentioned that the pilot may be flving along steadily and 
using his controls to overcome unsymmetrical forces due to, say, slipstream. 
The slipstream may disappear due to engine failure, and cause the unsymmetrical 
forces to disappear also. Because for the moment the pilot has become accustomed 
to them, the effect is just as upsetting as if the aeroplane were subject initially 
to symmetrical forces, and unsymmetrical ones were suddenly introduced. Any 
sudden change of trim may necessitate the use of the aeroplane controls to 
maintain rectilinear flight, and the ease of doing this depends on whether the 
pilot is near to the margin of his control or not. 


If the pilot is running up his engine on the ground, and proposes to do so 
without the tail being held down, he naturaliv opens the throttle gradually and 


pulls up his elevators to their maximum. The propeller, due to the position of 
its thrust axis, is trying to pull him on to his nose and he has to rely on the 
slipstream to make his elevators effective. It may be that his wheels are far back 


in relation to the centre of gravity and his elevators will not hold down the tail. 
If he opens the engine suddenly, he will certainly tip on to his nose. 

Similarly in getting off, the engine power is being increased, and the pilot is 
adjusting his clevators as the aeroplane gathers speed and the slipstream varies 


over his tail. As he gets off he will probably have to counteract the turning 
tendency with his rudder, or he will swing badly. He may have a slightly over- 


balanced rudder, in which case, at a very low speed, the rudder when acted upon 
by the slipstream may behave in a curious way, and cause him to swing from 
side to side. 

Suppose when the aeroplane has risen to about fifty feet the engine fails; the 
absence of slipstream may accentuate any possible tail heaviness, and if the pilot 
is not quick with his elevators the aeroplane will automatically stall itself. Added 
to this, the pilot has been overcoming the turning tendency owing to the slip- 
stream on the fin, with his rudder, and may not appreciate immediately that the 
turning tendency has vanished. Thus he will tend to swing in the reverse direction, 
the force now being applied by him. His attitude in flight will then be highly 
dangerous. 
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If an inexperienced pilot flies an*aeroplane with a strong turning tendency and 
a large alteration in longitudinal trim engine on and off, he may do something like 
this—he takes off with the tail wheel adjusted for climbing. He flies round, and 
before gliding in to land he winds the wheel full back. He throttles right down, 
glides in, and finds that he is going to overshoot badly. He decides to open the 
throttle and go round again for another attempt. He forgets, or has not time to 
wind the tail wheel forward. He finds that the nose goes up very easily, in fact 
too easily, the airspeed drops and a violent turning tendency develops. Before 
long he invites complete loss of control. 


5. Effect on Multi-Engined Aeroplanes. 


As was mentioned before, the following remarks will be mainly confined to 
aeroplanes with two axes of thrust parallel to the fuselage and approximately on 
the same level. Aeroplanes with three and four axes of thrust are just touched on. 

The principles underlying the effects (a) and (b) mentioned in para. 3 
are the same for all aeroplanes. The engine torque (c) does not have much 
effect, while the gyroscopic effect (d) is hardly relevant nowadays to multi- 
engined aeroplanes. Therefore only (a) and (b) will be elaborated. 

The effect of the engines in large aeroplanes is considerably more important, 
as at present there is no device in common use to assist the pilot in overcoming 
the large forces which may arise. 

(a) A modern twin-engined aeroplane may have a monoplane or a biplane 
tail, and from one to four rudders. These may be entirely out of, or parts of 
them may be in, either slipstream. On most modern aeroplanes the propellers 
revolve the same way, and so both slipstreams have the same sense of rotation. 
These apply unsymmetrical forces to the tail, which could be neutralised if the 
propellers revolved opposite ways. This was I believe done in the case of some 
early examples of the Handley Page 0/400. For economy the engines are now 
both made of the same hand. The effect of slipstream is similar to that on a 
single-engined aeroplane, only rather more complicated, and of course larger 
forces relative to the pilot’s strength are introduced. 

Suppose that a twin-engined aeroplane has two fins and rudders, and that 
each fin and rudder is to some extent affected by the slipstream of each engine 
respectively. If one engine fails and its slipstream disappears, one rudder and 
fin is at once reduced in effectiveness. Since the rudders are interconnected, the 
whole rudder control is reduced just when it is most wanted. 

An experiment has been proposed in which the fins should be offset in such a 
way that, if one engine fails, the slipstream of the other acting on the offset fin 
should, to some extent, neutralise the turning tendency set up. 

It is quite obvfous that the turning tendency is most violent at low speeds, 
for example, when the aeroplane is climbing, or taking off the ground; and on 
most twin-engined aeroplanes it is not possible to fly straight on one engine until 
a certain airspeed has been attained. This airspeed is usually considerably above 
the normal climbing speed. ; 

(b) In a multi-engined aeroplane, the effect of the slipstream is important 
enough, but what is more important still to the pilot is the position of the axes 
of thrust. If there are two they must at least be just over a propeller’s diameter 
apart, and probably more if they are to be kept fairly low and the fuselage has to 
come between. It must be remembered that the aeroplane has to be controlled 
getting off the ground; and the lower the axes of thrust, the less liable is the 
aeroplane to tip on its nose before it has gathered sufficient speed for the elevators 
to be effective. 

Apart from this, the fact of having these two axes of thrust disposed as they 
are introduces unsymmetrical forces of the most*violent description, if one engine 
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fails. The violence in various aeroplanes varies due to engine power relative to 
size of the aeroplane, distance of engines apart, and the characteristics of the 
tail. In any case, momentarily, it is a troublesome thing for the pilot to have one 
engine fail when near the ground. Naturally in any good design it is essential 
to keep the axes of thrust as close as possible to reduce the pilot’s difficulty. 

It will be on the rudders that the pilot will rely to help him if one engine fails. 
If, added to this, he has one or two more axes of thrust disposed above the others, 
fresh complications arise, and render the problem of control still more complex. 
His elevators will now be involved, and besides the presence or absence of slip- 
stream on the tail, the position of the top axes may introduce large forces. | 
do not think that unless a really reliable power plant can be designed it is fair 
to ask a pilot to cope with such a complexity of control, especially as it occurs on 
aeroplanes the size of which bring him, by reason of his lack of strength, towards 
the margin of his controlling powers. In a large aeroplane, control surfaces, 
though efficient, if too large for the pilot to operate successfully are bad enough ; 
control surfaces, small enough for the pilot to use, but too small for the control 
requirements of the aeroplane, are useless. 

Three thrust axes parallel and in a horizontal plane have been used with 
greater success, as the pilot should not find it so hard, owing to the increased size 
of the aeroplane in proportion to the power of each engine, to use his starboard 
and centre power unit, or his port and centre unit, or both outside units, thus 
always being able to fly without one unit. 

Thrust axes disposed in a vertical plane are not only difficult in the air, but 
much more so on the ground, where the pilot has to manage a structure which 
must run along the ground on its wheels to gather speed, and has to use his 
engine power to gain speed while his controls are ineffective owing to the lack of it. 

In getting to know an aeropiane with variously disposed thrust axes, the 
pilot should thoroughly familiarise himself with the various effects of the engines 
on the aeroplane and his power of controlling it under all circumstances, not wait 
for an engine to fail suddenly when he may be near to the margin of his control. 
Thus, when near to the ground, he will see to it that he keeps as well as he can 
within the margin of control which happens to be small in any direction, to allow 
the maximum to meet an emergency. On the other hand, he will probably find 
that a judicious use of the engines may be made to assist his control, as in 
removing drift when landing and in other ways. 

The design of most flying boats requires that the thrust axis or axes be 
comparatively high up, and I believe that considerable difficulty in flying arises 
out of this. In large flying boats it is, of course, possible to trim the boat by 
moving the crew about, but even this cannot be done with great rapidity. A high 
centre of thrust will mean that the boat will be much more nose heavy engines on 
than engines off. Probably this can be to some extent neutralised by taking 
advantage of the effect of the slipstream over the tail. Even then, if the engines 
refused to run properly when gliding down near the water, it might be quite 
possible for the boat to lose airspeed and approach stalling point, and for the 
elevator control to be insufficient to put the nose down. 


As has been emphasised before, an awkward position on a very large machine 
is far worse for the pilot than on a smail and easily controllable one. 


6. Details of Engine Controls on Multi- Engined Aeroplanes. 


A consideration of the effect of the engines on the aeroplane naturally leads 
up to a discussion of how the pilot controls the engines, and what means he has 
of knowing how his engines are behaving apart from the feel of the aeroplane 
and the sound of the engines. What he is immediately concerned with are his 
throttles, his revolution indicators and the control of his petrol system. 
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In a twin-engined aeroplane the pilot has much to occupy his attention. One 
of his hands is occupied with the wheel or control stick in conjunction with, his 
feet on the rudder bar. He must use his throttles at a moment’s notice, so that 
they must be very accessible and easy to operate. There are two kinds in common 
use, one consisting of two simple levers side by side, the other of one lever which 
opens both engines at once, or can be rotated to open one and close the other. 
There is a difference of opinion among pilots as to which of these is preferable. 
The first kind has the advantage of showing approximately how much open is 
each throttle, the second of allowing the engine to be varied with greater ease. 
However, in the latter case the pilot cannot tell with great precision what is 
happening to either engine except by the feel of the aeroplane or by looking at 
his revolution indicators. ‘To those who have not flown an aeroplane with two 
engines running at once, it perhaps may not be immediately apparent that the 
pilot has lost his chief means of detecting quickly any ill behaviour of an engine. 
In flying a single-engined aeroplane he constantly listens to the engine, which 
should afford him at least some warning if it is going to fail. When both engines 
are running at once it is quite difficult to tell if one engine is not running as it 
should do, and the pilet is compelled to look at the revolution indicator, or judge 
if the engine is missing slightly from smoke from the exhaust. 

It is surprising how well a pilot can learn to manage the twin-lever type 
of throttle, if the levers are the right distance apart, neither too close nor too far, 
but just so that he can with a rotary movement of the palm of his hand push 
one lever back and the other forward. Even on German aeroplanes, where the 
throttles were provided with ratchets, this was to some extent possible. 

Where there are four engines to look after, the differential type of throttle 
lever is almost imperative and the engines have to be run in pairs as on the 
Handley Page V/1500. The essential thing to guard against is too much rotation 
of the lever to open one engine and close the other completely. This should in 
no case exceed go degrees. If it actually exceeds 180 degrees as was the case 
on an early Vimy, the pilot may have one engine full open and the other closed, 
and actually try to turn the lever the wrong way to equalise the engines, and simply 
jam the throttle. If this occurs when he must act quickly he is in a difficult position. 

The system of wires and rods and the brackets which support them should 
be designed with the minimum of whip so that the pilot knows exactly what he 
is doing when he moves the throttle lever. In complicated systems such as are 
bound to arise on twin-engined aeroplanes, whip is liable to occur unless the 
system is well designed and fitted. If the pilot has throttled down and is landing 
and the airspeed is very low, one engine opening slightly on its own owing to 
whip in the throttle control will cause him to swing violently. 

Two experiments are to be carried out on a D.H.10, one in which a 
synchronising gear is to be fitted to the throttle levers, the gear to be driven off 
each engine by means of flexible drives. The effect of this should be, in case 
one engine drops revolutions, automatically to throttle the other to the same 
revolutions. It should be possible to throw the whole gear out of action by means 
of releases on the throttle levers. The other experiment is to take advantage 
of the fact that in case of the failure of one engine the pilot would naturally push 
very hard on the rudder bar to keep the aeroplane straight. In doing so he would 
throw into action a gear fitted to the rudder bar to throttle down the engine which 
was still running. 


Hitherto the revolution indicators, owing presumably to the unreliability of 
long flexible drives, have been in nearly all cases fitted into the side of the engine 
unit. The pilot cannot see them both at the same time, and has to look round 
first to one side and then to the other in order to do so. When taking off this 
is extremely awkward, and until a satisfactory transmission is obtained by which 
they can easily be fitted on to the dashboard, this serious difficulty will remain, 
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For the pilot’s convenience on a twin-engined aeroplane a single dial with two 
needles superposed, but revolving in opposite directions, would be the neatest 
arrangement. He would be able to synchronise his engines with great precision 
and ease. In a four-engined aeroplane two dials with two superposed needles 
each could be employed. 

When flying a multi-engined aeroplane, probably the ideal way would be to 
open all the engines out slowly and together. In practice, say with even four 
engines, pilots cannot do this, but always prefer to open one pair first, and then 
the other pair. This works quite well if none of the thrust axes are high off 
the ground; if they are, the awkwardness of opening the engines with low thrust 
axes and those with high thrust axes simultaneously will add to the natural 
difficulty of axes in such positions. 

A frequent cause of engine failure on multi-engined aeroplanes has been a 
failure of the petrol system. If the petrol system is complicated, as is often the 
case, no pilot should take the aeroplane into the air without spending sufficient 
time on the ground to familiarise himself with its operation in every detail. In 
some cases the petrol system has failed owing to a mechanical defect; in other 
and probably more frequent cases it has failed owing to incorrect handling by the 
pilot. Even if the pilot has spent some time in studying it, there may be 
extenuating crcumstances attending a failure to handle it correctly in the air, 
owing to the pilot’s mind being so occupied. 

In very large aeroplanes the petrol system is usually handled by a mechanic, 
who is supposed to anticipate the pilot’s requirements, so that whatever the pilot 
chooses to do with the engines, he may have an adequate supply of petrol. In 
this case the pilot is left considerably freer to look after the aeroplane, but owing 
to the increased size and number of engines, he has still a great deal to do, 
excluding the drain on his physical energy owing to the weight on the controls. 

It was largely owing to war requirements, that is of rendering the petrol 
system still workabie when parts of it might be out of action due to gunfire, that 
petrol systems became complicated. Peace requirements demand a return to the 
simplest kind of system, and one that imposes the least possible strain on the 
pilot. Unfortunately, the most likely time for the petrol system to give trouble 
on an untested aeroplane was when it was taking off the ground at a low airspeed, 
as the trouble which could not be detected or located when running upon the 
ground arose as soon as the aeroplane commenced to fly. 

The above remarks simply emphasise the necessity for making the pilot as 
comfortable as possible, for giving him a simple, accessible and easily understood 
mechanism for controlling the engines and petrol system so that he may have 
attention left for appreciating correctly the effect of the engines on the aeroplane 
and using his aeroplane controls in the best way. 


7. Practical Flying Notes on Twin-Engined Aeroplanes. 


These notes are based on fiving experience with the Handley Page 0/400 
fitted with twin Rolls Eagle VIII. engines; an experimental one fitted with four 
200 h.p. Hispano engines mounted in tandem pairs; the Vickers Vimy with twin 
Fiat and twin Rolls engines; the German A.E.G. Bomber, and the D.H.10 with 
twin Liberty engines. 

The Handley Page 0/400 was introduced and flown for a considerable time 
on service without any serious troubles being reported due to-turning tendency 
caused by engine failure on twins. This was mainly due to the fact that relative 
to the power of its engines the aeroplane was of large dimensions. If one engine 
dropped revolutions the turning tendency was not violent, the whole aeroplane 
being comparatively sluggish due to its large moment of inertia. Curiously 
enough, the fact that it had overbalanced rudders, though sometimes commented 
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on, was not seriously complained of. These rudders undoubtedly did cause the 
aeroplane to swing from side to side when taking off the ground, and if they were 
abandoned in the air, they immediately took charge and set up a violent swing. 
There was, however, little force required to prevent them doing this. 

Nowadays Handley Page aeroplanes have the propellers both of the same 
hand; some earlier examples had propellers of opposite hand, and the difference 
between the two arrangements was felt by pilots. There is a turning tendency 
due to slipstream, which, though not very marked, can be detected when both 
propellers revolve the same way. Where the propellers revolved opposite ways 
the turning tendency entirely disappeared. 

It was when aeroplanes of smaller dimensions for the same power were flown 
that the first serious trouble arose due to the failure of one engine. The Vickers 
Vimy and the D.H.10 both swung violently round if one engine failed, the latter 
more quickly than the former owing to its small size. If the pilot is taking off 
the ground and has not had time to gain sufficient airspeed to fly straight on one 
engine, the obvious thing to do if one engine fails is to throttle the other right 
down, and if he cannot, by putting the nose down, attain this speed before being 
compelled to land, he must land wherever he is. There is no other alternative. 
Not only is this the case, but he must be very alert in throttling down the engine 
that is still running, or otherwise he will find that the aeroplane is swinging 
round flat, and thus his longitudinal control has lost much of its power; in fact, 
on an aeroplane like a D..H.10 the safest thing is undoubtedly to switch the engine 
off. This course immediately deprives the pilot of the assistance of any engine 
power, and if he can afford to control the aeroplane with the engine throttled 
down and not switched off, his glide is flattened and he has more chance of 
landing on a good piece of ground. 

If there is any whip in the throttle control the pilot will find it difficult to open 
the engines out evenly, either with the twin-lever type or the differential type of 
throttle. Whip in the throttle control of a single-engined aeroplane is annoying 
but not a serious difficulty to the pilot as in a twin. 

Before attempting to taxi out on a twin that has not been tested the pilot 
should take all preparatory measures that are possible on the ground to ensure 
that his petrol system will be satisfactory in the air. If the petrol is pumped up 
to a gravity tank which feeds the engines, he should make sure that the delivery 
from the gravity tank is considerably in excess of the amount required by both 
engines by taking the petrol flew at both carburetters simultaneously, both with 
the tail skid on the ground and the aeroplane in flying position. If he is sure 
of an adequate flow from his gravity tank, then he is sure of enough petrol to 
tide him over the first few hundred feet of his climb, which is the difficult period 
from the aeroplane point of view. He should run up each engine separately so 
that he may listen to it without being confused by the noise of both running at 
once. He should make sure that his throttles work easily and do not slip back- 
wards or forwards when the hand is removed from them. 

It is always wise to taxi for a certain distance before taking off (even though 
it is possible to take off from the position of running up) so as to give the petrol 
pumps (if the petrol system includes them) a chance to work a little. It is then 
possible while taxying to give one or two bursts with each engine to see how it 
opens out, allowing the aeroplane to swing round either way. 

Unless the pilot is not only accustomed to the type, but is also familiar with 
the particular aeroplane, it is unwise to attempt a fancy take-off, such as across 
wind with one wing down, or by opening the throttles violently and pulling the 
aeroplane off the ground at a low airspeed. This may be done on a single-engined 
aeroplane without involving much risk if the engine fails. The pilot should open 
the throttles gently and take a good run over the ground if it is smooth enough 
to permit of this, and even when he has left the ground should hold the nose 
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down near the ground until he has attained an airspeed of 60 m.p.h. If one 
engine fails and he is 15 feet off the ground doing 45 to 50 m.p.h., he has no 
chance whatsoever of controlling the swing of the aeroplane. He has only to try 
this at a safe height by switching off one engine at various airspeeds from 50 m.p.h. 
upwards and he will soon find out his power of controlling a swing. A D.H.10 
will swing through go degrees in about 3 seconds if one engine is switched off 
at 50 m.p.h. The safest way to take off is with one hand on the throttles so 
that if one engine fails the throttles may both be pulled back. If the pilot puts 
the nose of the aeroplane down it will then commence to glide, and if he has 
sufficient height to attain the airspeed at which he can fly reasonably straight 
on one engine, assisted by a judicious use of bank, he can then again open out 
his sound engine and use it to carry him on and effect a landing on good ground. 
If he is very near the ground and an engine fails, even before he can throttle 
down the other engine the aeroplane will have swung through a certain angle 
and thereby considerable drift will have been set up, which if there be no room 
to sideslip, it will be impossible to eliminate before touching the ground. Thus 
he is almost certain to damage his undercarriage, though probably nothing of a 
more serious nature will occur. 

When taking off in bumpy weather the aeroplane is slewed about in the 
bumps, and the sound of the engines is always less regular than in calm weather. 
This adds to the pilot’s difficulties in detecting a faulty engine as he can only 
tell it by the feel of the aeroplane, the sound of the engines or by the revolution 
indicators. His first method of knowing is impaired by the bumps, as a bad 
bump sometimes feels similar to a swing under the influence of engine, his second 
method by the irregularity of the sound of the engines in gusty weather and by 
the fact that both engines are running together and the sound of the good one 
obscures the sound of the bad one, and his third method by the fact that it is very 
awkward to look round at the revolution indicators, especially when he cannot 
tell by other means which is the defective engine. As laid out in detail, these 
difficulties appear of the gravest nature. In practice an intelligent pilot has always 
his flying instinct to help him, which is a very difficult thing to define, but it is 
clear that the greatest caution should be exercised due to the special characteristics 
of this type of aeroplane. 

Once the pilot is clear of the ground he may then relax his concentration, as 
any temporary difficulties of aeroplane control due to the effect of the engines 
can be dealt with in a more leisurely manner, and after all the pilot is fortunately 
not condemned to spend a very large part of his flying time continually getting 
off the ground. 


8. Conclusion. 

I may well be accused of exaggerating the pilot’s difficulties ; indeed, it may 
be argued that were they so grave as I have painted them all pilots would sooner 
or later become nervous wrecks. Everyone knows that this is not so, that there 
is nothing more exhilarating than flying, and that the pilot does not take off 
the ground on a twin-engined aeroplane frozen with fear lest one engine should fail. 


Every good pilot, when he really gets to know an aeroplane, whatever its 
possible defects or complexities of control, evolves his own methods of ensuring 
safety during phases of flight which demand cautious handling ; not only does he 
do this, but with surprising flexibility he accustoms himself to the peculiarities 
of engine and aeroplane control and develops an extraordinary skill in dealing 
with them so that he can render the aeroplane as docile to his wishes as one 
which involves comparatively simple problems of control. 

But the pilot is undoubtedly in a much safer position if he has approached 
the problem using his reason to its fullest extent, rather than by trusting his 
instinct for everything; and he will always have new types, with peculiarities 
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of their own, which need careful study. What is encouraging for the pilot is 
the fact that as time goes on applied design will step by step overcome the 
difficulties which were at one time thought to be insurmountable except by human 
flying skill. 

The CnairnMan said they would leave the discussion on Squadron-Leader Hill’s 
paper until after the other paper had been read. He said that although he had 
not the pleasure of knowing Major Baker well, personally, he had a very tender 
spot for him, as being one of those pioneers who had proved the great effective- 
ness of offensive action by fighting machines in the dark as a means of defence 
against air raids by night. Many people said it would be too risky and that 
pilots’ lives would be thrown away unnecessarily, but after the first Zeppelin was 
brought down by Lieut. Robinson the whole atmosphere changed. Our aerial 
defence and aerial attacks at night by means of high-speed scouts became wonder- 
ful, and the Germans never really started upon what we had practically effected. 

Major Ceci, Baker, D.F.C., A.F.C., then read an abstract of the following 
paper :— 


“NIGHT FLYING.” 


The development of night flying took place entirely on account of the use 
to which it would be put in war time. So much is this so that without the 
impulse of war’s necessity it is doubtful whether its possibilities would have 
received very serious consideration. During these two years which have elapsed 
since the Armistice, there has been, at any rate to my knowledge, very little 
night flving done, and it is certain that next to nothing has been added to the 
experience gained during the war. It is therefore impossible to write at present 
any account of the growth and possibilities of night flying without its being 
a story of military night ving during war time, and the experience gained during 
the war and without a great deal of reference to war flving. 


The Development of Night Flying in France. 


I am not able to give to this audience any account of the earliest attempts at 
night flving either before the war or in the early stages of the war. Perhaps 
there is someone here who will tell us that part of the story when I have finished 
this paper, and it is probably just as fascinating as the story of pioneer efforts 
always is. 


Early Developments in France. 


I believe 1 am right in saying that in the latter half of 1915 some of the 
artillery squadrons sent an occasional machine over on bright moonlight nights 
to drop a couple of bombs on some objective a short distance over the lines. 

In 1916 some artillery squadrons sent over as many as three or four machines 
on bright nights. In the autumn of 1916 a quite considerable amount of night 
flying was done by an Army F.E.2b, Squadron No. 18, and flights as far as Le 
Cateau and Valenciennes were made. It must have been soon after this time 
that those in command of the R.F.C. decided that it was worth preparing a 
squadron to be used entirely for night flying in France. 


The First Night Flying Squadron. 

This squadron, No. roo, was brought together and trained in early 1917 by 
Major Christie, D.S.O., M.C., a pilot who even at that time had had a lot of night 
flying experience. He was doubtful, I believe, at first whether the B.E.2C. or the 
F.E.2b was the better machine for the purpose, or in other words whether a 
pusher or a tractor machine. He was prejudiced no doubt in favour of the B.E. 
on account of the fact that it had been flown in England‘a lot for home defence 
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purposes. But he decided, quite rightly, on the F.E.2b as the machine with which 
the squadron should be equipped. No. 100 Squadron made its debut in April 
or May, 1917, by a raid on Douai aerodrome. This was the first night bombing 
raid in France on anything like a formidable scale. It met with a good deal of 
success, and an amusing account of it will be found in Richthofen’s book, ‘*‘ The 
Red Fighter.’” Two more night flying squadrons, Nos. 101 and 102, were 
prepared during the summer. No. 1o1 started operations at the end of the 
summer, and No. 102 in the autumn. During the autumn of 1917 and winter 
1917-1918 these squadrons carried out a large amount of bombing, their targets 
being for the most part enemy railway stations and aerodromes. During the 
period and up to the spring of 1918 very little flying was done on moonless nights. 
As much flying as possible was done during the moonlight period of each month 
and during the dark period activities almost ceased. Advances were made in two 
directions. Longer flights were undertaken and weather conditions which 
formerly would have been considered too difficult were successfully contended with. 


Developments in the Spriag and Summer of 1918. 


It is my opinion that the most interesting and important developments com- 
menced in the spring of 1918. The great German attack and advance called out 
every ounce of energy. If the weather and visibility were such that it was humanly 
possible to fly, the best possible effort had to be made. It was at this time to 
a great extent that pilots and squadron commanders discovered that successful 
flights could be carried out under worse conditions than they had ever thought 
probable before, and from then onwards night flying was not confined to moonlight 
nights, but continued through the moonless period of the month when nights 
were fine. It may be mentioned, to show what can be done in spite of the 
difficulties of darkness, that one of the night flying squadrons at this time 
dropped 633 bombs in one night, all pilots doing four separate bombing flights 
and some of them five flights. The German advance took place during a moon- 
light period. One of the night flying squadrons in the Somme area had instruc- 
tions during the early part of the advance to bomb from as low as possible certain 
road junctions on main roads and railheads. In so doing several observers 
found that they could see transport and troops on the broad white roads which 
exist in the Somme area. During the remaining days of the German advance they 
were given orders to search main roads for any transport they could see. Good 
targets were seen by machines flying very low over and over again, and in many 
cases, as prisoners subsequently testified, were suitably dealt with. 


During the spring and summer the first Handley Page night flying squadrons 
began to arrive. The realisation of the possibilities of low flying at night along 
roads and railways and the arrival of the heavy night bombers suggested and 
brought about a more distinct differentiation between the work carried out by the 
squadrons of the lighter machines, F.E.2b, and that of the heavier machines, 
Handley Page. Three more F.E. squadrons came out to France, 58, 83 and 38. 
One F.E. squadron was allotted to each army. The F.E. squadrons were thus to 
be used for short range work and were intended for harassing communications 
on their army front, and for bombing and machine-gunning transport targets by 
low flying. The Handley Page squadrons were the G.H.Q. squadrons and were 
used for long distance bombing cf large targets such as railway centres, etc. 


Work of the F.E.2b Squadrons. 


I will dwell for a short time on the work of the F.E.2b squadrons. They 
flew under all weather conditions and under all conditions of visibility and often 
over areas of which the landmarks had been to some extent obliterated by the 
ravages of war. The experience they gained should therefore be of considerable 
interest in estimating the difficulties of night flying. 
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Low Flying at Night. 


Moreover, I consider that the development of low flying at night in the 
summer of 1918 was one of the most unexpected and interesting developments in 
flying during the war and one which had very great undeveloped possibilities when 
the war ended, even without vast improvement in machines. It was a branch 
of flying which was in its infancy and one which would have been an enormously 
powerful weapon in course of time. There is no scope in a short paper for going 
into great detail, and I will therefore read you one or two extracts from reports 
of pilots and observers of a squadron operating on the Somme front (of which I 
have certain records) at the time of the German retreat in 1918. 

8.45 p.m.—First parachute flare dropped at Beugny and followed along 
Bapaume-Cambrai road. Transport guns and troops observed in continuous 
stream, sometimes double banked, proceeding east along Bapaume-Cambrai road 
as far as Bourbon wood. Also along road running east from Beaumetz-les- 
Cambrai to Demicourt. All going east. All movement appeared congested and 
mixed, comprised of M.T., horse transport, guns and troops. M.T. observed 
passing other transport and troops going east. One 112lb. bomb dropped on 
transport in Beaumetz, 5ooft. One 112lb. bomb dropped on transport on 
Bapaume-Cambrai road one mile east of Beaumetz, 4ooft. One 112lb. bomb 
dropped on transport at Boursies, 5ooft. Tweive Veéry lights fired at intervals to 
confirm observations. 500 S.A.A. fired into transport, etc., on main road. 
Visibility good.”’ 

Another report :— 

** 3.5 a.m.—Picked up Bapaume-Cambrai road at Boursies. 3.10 a.m.— 
Sunken road just west of Canal du Nord. Observed column of 20 two pair-horse 
transport. Did a dive on these and dropped one 112lb. bomb and four 25]b. 
bombs from 300ft. Bombs burst in the middle of this transport and knocked out 
six or eight teams. Some of the rear teams went into the sunken road just west 
of the Canal du Nord. There were also two large lorries in here. We were at 
2ool[t. and dived down right on the sunken road and hit the teams with one 
112lb. bomb. Flew low over the road after smoke had cleared and could see 
wrecked waggons and dead horses on road. 250 rounds S.A.A. fired into the 
road. Jour teams escaped, two along road to Bapaume and two towards 
Cambrai. Turned west along Bapaume-Cambrai road but found it clear as far 
as the sugar factory, so turned north-west to Arras.”’ 

Another report :— 

‘*4 a.m.—Column of troops one mile in length approximately on Bapaume- 
Cambrai road and going south down Lagnicourt-Boignies road. Fired two white 
Very lights at those cross roads, which helped to show up troops. Dropped 11 
25lb. bombs and fired 200 rounds S.A.A. on troops from 500ft. One Michelin 
flare dropped after circling round twice, when all troops had dispersed from roads 
into cover. Visibility good under 1,oooft.’’ 

These quotations will show you better than ordinary words of description 
how effective this branch of war flying could be made. But it was in the attacking 
of trains that its possibilities lay beyond all else. Trains were found to be easy 
to see on any night which was of sufficiently good visibility to follow a railway 
line. Many successful attacks on trains were carried out. I will leave to your 
imagination the power of such a weapon properly developed. 


It is scarcely necessary to point out that a night flying machine is much more 
immune from attack, both from the air and the ground, than a day flying machine, 
and casualties were much lower even among night flying pilots who took the 
greatest risks. One of our night flying squadrons had only five pilots and 
observers killed during the course of over a year’s flying, a very small casualty 
list compared to the average day flying squadron. 
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Reconnaissance at Night. 


Reconnaissance at night was developed with some success during the summer 
of 1918. The first efforts to systematically reconnoitre roads were prompted by 
the uncertainty as to the imminence of another German attack after their first 
big thrust at the end of March. Experience showed that night reconnaissance had 
a distinct value if properly carried out, especially if the enemy’s movements were 
likely to take place along broad and straight roads. It was possible to say 
definitely whether there was any volume of trafic or not on such roads by low 
flying. On dark nights parachute flares were necessary ; on nights with anything 
of a good moon movement on the roads could be seen without flares. These 
remarks do not apply to small and obscure roads or roads well protected by trees. 
Fittings were devised so that Michelin parachute flares could be carried on 25]b. 
bomb racks and machines detailed for reconnaissance carried a full load of flares 
and no bombs. 


Time will not allow me to follow this subject further, but I have attached to 
this paper as an appendix some notes on low flying under different conditions of 
visibility, which I made in the summer of 1918. 


Work of the Handley Page Squadrons. 


During the summer of 1918 six Handley Page squadrons were added to 
the number of night flying squadrons in France, two to the Army and four to 
the Independent Force. The story oi the work they did is a long and interesting 
chapter in war flying, but it is a story which I am not competent to tell. They 
carried out flights over enormous distances and often under conditions of weather 
which would have scarcely been dreamt of a year before. They used a certain 
amount of navigation on their long flights and did not rely entirely on the following 
of landmarks on their course. Towards the end of the war they were dropping 
on certain unfortunate places bombs weighing three-quarters of a ton. I went 
and had a look after the Armistice at a place where one of these bombs had 
dropped, and came away impressed. I have not mentioned ‘‘ the beach dwellers,”’ 
the bombers of Zeebrugge and Bruges. It may be said of them that they met 
the brightest and best in German anti-aircraft. The work and development of 
the home defence squadrons should be included in any complete story of the 
growth of night flying during the war. They were the nursery of night fliers, 
and carried out all the training of pilots. Their main function—that of attack 
in the air—is a large subject and outside the scope of this paper. 

I will now leave the war story of night flving and pass to the various aspects 
of night flving which are of more interest in connection with the place which 
night flying may one day take in the large scheme of air locomotion which is 
destined to develop. But it is difficult to get away entirely from the war, for 
with night flying there is no present ; there is our past experience which is wrapped 
up in the war, and there is the future which is what our imagination will make it. 
And to get the right balance they must be taken together. 


Night Flying Training. 


A good day pilot has no difficulty at all in learning to fly at night. It was 
found during the war that pilots who had the experience of 30 or 40 hours’ flying 
which they got at the ordinary R.F.C. school of instruction needed only about 
10 hours’ night flying to make them reasonably good night pilots. Night flying 
training commenced, of course, with the preparation of pilots for home defence 
work, but the need of pilots to fill up gaps in the squadrons in France led to the 
commencement of systematic night flying training on a large scale. Training 
started with practice landings on moonlight nights, then practice bombing and 
cross-country flights on moonlight nights, and finished up with similar training 
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on dark moonless nights. There were remarkably few casualties in night flying 
training, and everything went to show that a good day pilot had little difficulty 
in flying by night. 


Finding the Way at Night. 


This is a subject on which a good deal could be written. I will confine 
myself to a few points which may be considered of importance when considering 
the possibilities of night flying during times of peace. It is never easy to fink 
the way at night. It is only on a good moonlight night that the way can be found 
with certainty without the aid of artificial ground lights. It is always a wise 
precaution to follow good landmarks whatever the visibility. The best landmarks 
are water and railways. Long cross-country flights on dark nights are impossible 
in a country of such ground features as England without artificial lights. 
It should be remembered that though pilots of army night flving squadrons 
in France found it possible to find their way to objectives even on dark 
moonless nights it was only because they were operating over a small area and 
knew every yard of the country they were flying over and every landmark on it, 
and it was only possible then by flying very low. In peace time cross-country 
flving a very elaborate system of ground lighting would be necessary. They will 
need to be at frequent intervals along a course, because in misty atmosphere 
lights cannot be seen for any distance. Mist and fog are the great enemy of the 
night flver. They hold very much greater dangers for the pilot than they do in 
dav time. I think statistics will show that mists and fogs are very much more 
frequent at night than in day time, particularly in the autumn and winter months. 
I have over and over again seen floating fogs drift up and blot out every feature 
of the landscape in the course of a few minutes. Anyone who commanded a night 
flying squadron in France will know what agonising anxiety these freaks of night 
weather could give. I will give later my ideas as to the requirements which 
appear to me to be needed before night flying in peace time can be considered 
sufficiently safe to be of great value. 


Landing at Night. 


Experience during war time showed that it was best to arrange the landing 
lights or flares in the shape of an L landing parallel to the arm of the L and 
towards the short arm. These lights should be supplemented with a small search- 
light casting its beam down the flare path. <A good pilot finds no difficulty in 
landing at night, and his first attempts usually show him that it is easier than he 
had thought. The necessity of using as little light as possible for landing during. 
war time showed to what extent landing lights could be dispensed with. 

On bright moonlight nights often no landing lights were used at all. 


On ordinary moonlight nights only two or three electric bulbs on small 
standards on the ground and no searchlight. On dark nights a small searchlight 
was flashed on for a short moment just as the machine was getting near the 
ground. The electric lights used could be controlled from one switch, and were 
switched off as soon as a machine had landed. 


For safe landing at night it is necessary that a pilot should know the features 
of the aerodrome where he is landing. 

Forced landings are entirely a matter of chance. It is impossible to see the 
small features which may cause an upset, and except on exceptionally bright 
nights it is difficult to select a landing place free of obstruction with any certainty. 
On dark nights it is a question of trusting to luck, and perhaps a magnesium 
flare, which will probably show you the tree you are going to run into. 

I think it was the ever-present anxiety due to the danger of forced landings 
which made night flving a game which was trying to the nerves. 
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Night Flying Machines. 

This is again a large subject, and can scarcely be more than touched upon. 
The essential consideration in the design of a night flying machine must be good 
upward and downward view, slow landing speed and a fairly high degree of stability. 
The latter two requirements are obvious, but the first requirement is only properly 
brought home by flying under difficult conditions of visibility. It is impossible 
to find the way under difficult conditions without an unrestricted downward view. 
Upward view is also important; on the worst nights there is usually some feature 
in the sky or clouds which is visible and gives a horizon and enables a pilot to 
keep an even keel and fly straight till he has reached an altitude of safety. The 
twin-engine or multiple machine supplies this requirement, and will undoubtedly be 
the commercial night flying machine of the future. Moreover, the danger which 
exists in forced landings at night makes its ability to stay in the air, even when 
one engine has failed, of especially great value. It may be that a multiple engine 
aeroplane of the future which can maintain its altitude on half its power will 
eliminate the dangers of forced landings, and given a good system of ground lights, 
will make night flying of the greatest importance in the development of air 
locomotion. With regard to war machines, the heavy twin-engine machine with 
an observer in a forward cockpit with unrestricted downward view and a machine 
gunner in a rear cockpit, was the best machine for heavy bombing. If the war 
had lasted longer it would have been necessary to perhaps cut down their size 
and increase their speed and manceuvrability or else to greatly increase their powers 
of defence. The German twin-engine machines were becoming an easy prey, with 
the help of searchlights, to our night flying scouts at the end of the war. In 
fact, on the part of the front on which Major Brand’s squadron No. 151 was 
operating so many German twin-engine or four-engine night fliers were brought 
down in a short time that they completely lost their morale and would scarcely 
come further over than our artillery lines. Our Handley-Page squadrons did not 
suffer much from air attack because the Germans had not developed at all this new 
branch of war flying. 

The consideration of the best type of machine for low flying at night led 
to more difference of opinion. The matter was being considered towards the end 
of the war and there was some controversy as to whether it should be of tractor 
or pusher design. There was no doubt that the power of low flying at night could 
have been greatly increased by a more up-to-date machine than the F.E.2b with 
speed and good climbing power. I have attached as an appendix to this Paper 
some notes I wrote towards the end of the war on this matter. In performance 
a tractor would have been most desirable, but it is doubtful whether a tractor 
could be designed that the perfection of view required. Opinion was therefore 
in favour of a pusher machine so designed to provide as far as possible the 
essential features required. 


The Future of Night Flying. 


It is quite certain that no good would come of any immediate effort to develop 
commercial or civilian night flying. The dangers are too great at present, and 
all resources are required for the improvement and increase of day flying facilities. 
But that it will come there is no doubt. One need, as I have said, is elaborate 
organisation for the guidance of machines, and the money required for this could 
only be supplied when day flying has fully found its feet. Another requirement is 
the improvement of the multiple engine machine and the consequent reduction 
of the chances of forced landing. We shall no doubt see very great improvements 
in this direction during our lifetime. 

If mail carrying at night is a feasible idea at this present time from the 
point of view of flying, such a service would not stand the weight of its cost on 
mail charges alone, and such costs would be much heavier than in day flying 
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on account of heavier wages for pilots and mechanics and costs of ground lighting. 
It is probable that climatic conditions in other parts of the world make night flying 
a much simpler proposition and that England may not be the scene of its first 
development. If there is anyone here who flew at night in Palestine during the 
war it would be interesting to hear his opinion on this subject. 


The possibility of one day cutting, what I might call, .anding roads along 
the main flying routes in England has no doubt occurred to many people. By 
this 1 mean the clearing of hedges and trees along a narrow belt, say 100 yards 
wide. For some time to come that Continental air route will be the only important 
flying route, and for this route, as air locomotion increases, I think such a sugges- 
tion is within the bounds of reason. It sounds like an impossibly big under- 
taking, but it is a very small one compared to the construction of a railway. 
It is only a part of the first preliminary work in making a railway to clear a belt 
of country in this way. Such a scheme, which seems ambitious with flying in 
its infancy, may look a great deal more reasonable in a few years’ time. The 
enclosed thickly-wooded countryside of England is a bad land to fly overs Add 
to this the fact that mists and low clouds are frequent. With such a ‘‘ landing 
road ’’ night flying would lose a great deal of its risk and flying would take place 
with regularity and in most weathers. Such a ‘‘ landing road’’ could be 
illuminated at regular intervals by lights connected with the lighting systems of 
towns and villages near its path. To carry the picture a little further, I imagine 
an electric cable laid out along this cleared path which would affect sensitive 
instruments in the night flying machine and show when it is on or off the right 
path; in fact, the same principle which has been used for bringing ships into 
difficult harbours. It is easy to lose the way in rainy weather at night and difficult 
to compete with heavy rain. Such a cleared way would enable machines to fly 
very low and land at will when conditions appeared too adverse. 


General Sykes showed by what he said at the Conference which has just taken 
place that he attaches the greatest importance to the commencement and advance- 
ment of civilian night flying as a most essential factor in the development of air 
locomotion as a commercial basis. The utility of air locomotion lies in the saving 
of time. It is difficult at present for an aeroplane to compete successfully with 
a train over routes of certain distances where the train can travel for 24 hours 
of the 24 and the aeroplane for only 12 of the 24. In the case of long distance 
flights the time taken by aeroplane could be cyt in two by the development and 
use of night flying. 


The development of the amphibian type machine may be of assistance to. 
night flying. If there are no great difficulties in the way a machine that can land 
on water or terra firma should advance the possibilities of practical peace civilian 
night flying. As far as visibility goes, it is easy to follow a coastline at night. 


As far as the present is concerned we have proved this—that night flying 
is a deadly and powerful war weapon and that it is a branch of war flying that was 
more capable of rapid development than any other branch of flying when hostilities 
ceased. General Trenchard, at the Air Conference, dwelt with emphasis on the 
importance of night flying in war time with particular reference to the moral and 
destructive effects of continuous and uninterrupted bombing. In this connection 
the progress made in night flying under difficult weather conditions which I have 
attempted to outline above is of particular importance. 


As to the future, we can be reasonably certain that night flying will take 
its place in air locomotion with the help of the technical inventive and administra- 
tive resource and thought that the future years will give to it in the normal 
development of the most rapid means of transport. 
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APPENDIX I. 
NOTES ON NIGHT RECONNAISSANCES AND BOMBING, JULY, 1918. 


Reconnaissance and Bombing. 


The experience of the last few months’ flying has done a lot to give a more 
clear and definite idea of the extent to which a good pilot and observer may be 
expected to observe unlighted movement at night under varying conditions of 
visibility. 

The same two factors as in day time play the greater part in defining the 
observer’s powers of seeing ground movement :— 

(1) Background. 
(2) Visibility. 

Of these two factors, visibility changes to a much greater degree than in day 
flying, on account of the varying amount of light given by the moon. 

Very few nights of a month will give similar conditions of visibility, and an 
accurate estimate of the value of a reconnaissance can only be made if these 
conditions are carefully weighed. For this reason it is necessary to describe the 
possibilities under several conditions of visibility and weather. 

Four general types of night will be taken :— 

(1) Bright moonlight night. 
(2) Half-moon night. 

(3) Quarter-moon night. 
(4) Dark starlight night. 

The following observations apply to movement when no light at all is used by 
the enemy and no lights seen to draw the attention to the possibility of movement. 


General Observations. 


Even on the best nights very little small detail can be seen without the aid 
of artificial light. The first sight obtaincd of movement, except by a machine 
flying at an extremely low height, will be a dim outline. 

Troops or transport on the road will show as dim patches when first seen. If 
the light is good, an observer may be able to see more detail when directly over- 
head or directly to the side if he comes down to a very low height. 

Movement is easier to see on a straight road than on a winding one. 

Trees play a large part in hindering observation, not only by the cover which 
they afford, but by the shadows which they cast. 

Trains will almost invariably be seen first of all by the white trail from their 
funnels and the glow from the firebox. Often the white smoke shows up long 
before the firebox glow. It is only by flying very low that sufficient detail can be 
seen on a bright moonlight night, to be able to describe the train and _ its 
composition. 

In general, it may be said that observation of detail without artificial light 
requires either perfect visibility and a large amount of moonlight or else very 
low flying, or else a combination of a degree of both. 


Bright Moonlight Night. 


On a good broad road with white surface, outline of movement can be seen 
from 3,o0oft. It is necessary to come down to 2,oooft. or under to be able to 
observe the type of movement, 1,500ft. would in general be low enough. 
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In the case of roads lined by trees or dark in surface on account of recent 
rain or on account of their composition, observation, to be accurate, should be 
below 3,oooft. 

Vague observations should be verified from at least 1,500ft. 

A very large amount of road movement could be seen from a considerable 
height on a good road. 

On side roads, movement is difficult to see and might be missed, even on a 
good night, from 3,oooft. 

During the German advance on the Somme the only machines which saw 
movement on the roads, even with a three-quarter moon, were those which flew 
under 3000!t. 

Those which observed movement on a large number of their flights flew at 
about 1,500ft. 

The roads examined at that time were not for the most part straight roads. 

They were largely side roads and not very clearly defined. 

Observation is much easier on such broad white roads as the Arras-Cambrai 
and Bapaume-Cambrai roads. 

Given a three-quarter moon, movement out of the ordinary should not be 
missed on these roads. 

Transport, when first seen in moonlight, looks like a series of black dots, 
and troops like oblong dark masses, taking more breadth of road, not so much of 
the white road showing as in the case of transport. 

Mist or thick atmosphere on a moonlight night curtails the chance of seeing 
movement, inasmuch as the area under observation at one time is very much cut 
down. 

During fine nights in the moonlight period haze often occurs, and a type of 
night is very common when objects can only be seen in a satisfactory manner for 
observation of movement directly below, and therefore may be missed, and unless 
the area is examined a great deal more carefully by a long period of flight. Often 
low flying will be necessary. 

On a good moonlight night railway movement is casy to observe. White 
smoke from the engine funnel can be seen from a considerable height. Long trains 
often have two engines, making them more easy to observe. Railway lines are 
sasy to follow. 


Half-Moon Night. 

The smaller light percentage given by a half moon in comparison with a full 
moon or three-quarter moon high in the sky makes a great deal of difference. 

Generally speaking there is a danger of missing movement from a_height 
of over 1,500ft. At this height the outline of objects seen is vague. In order to 
verify observations or observe objects with certainty a machine must fly below 
1,o0oft. over the objects. Trees on roads and shadows very easily cause deception 
in such light. 

If movement is carefully concealed it can be easily missed. However, trans- 
port or movement on a good open road should be safely picked up from 1,500ft. 

A large stream of movement should be seen from 2,oooft. without fear of 
error if on a large open road. If side roads or narrow roads are examined greater 
care must be taken. 

A practical observer seeing dark marks on a road can usually tell the 
difference between movement and tree shadows, etc. 


On a half-moon night the great value of parachute flares begins to come into 
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play. Objects about which there is uncertainty can be examined. Pieces of road 
obscure on account of trees or dark surface can be looked at. 

Flares will show up side roads and tracks about which the light of a half- 
moon might leave an observer in doubt. 

From some points of view a half-moon night is the best. There is sufficient 
darkness to conceal the machine when not directly overhead and give confidence to 
pilot and observer. Many pilots and observers who realise how clearly a machine 
stands out on a night when there is a full moon will fly at much lower heights on 
a half-moon night. Secondly, on a half-moon night the enemy may not take as 
much trouble to conceal his movements as on a full moon night. 


On the other hand, on a half-moon night of moderate visibility, wrong con- 
clusions may be gathered and an inaccurate report rendered more easily than any 
type of night. 

The reason is that a certain degree of light is reached, especially when the 
moon is just below half, when the surface of a road stands out well but there is not 
sufficient light to make objects of movement stand out except under very favourable 
circumstances. An observer may thus examine the roads from a fairly low height 
and not use flares because he thinks the natural light good enough to show troops in 
transport. 

Whereas with this smaller degree of light they may be easily missed except by 
a machine flying very low or one using flares. 

In general it should be easy to detect a large degree of movement on a half- 
moon night in an area which is not sufficiently protected to prevent a machine 
flying low. 


Quarter-Moon Night. 


The light of a quarter-moon is of very little use in detecting movement. It is 
of great value in showing up ground features such as woods, roads and water 
sufficiently for a machine to follow its course without difficulty and examine his 
reconnaissance area thoroughly by means of flares. 

This type of night is the best for bombing targets at a low height. 

A good pilot and observer can find an objective without great difficulty and 
can bomb it effectively from a low height without being seen at any distance by 
enemy defences. 


Dark Starlight Night. 


The principal factor which comes into play in a reconnaissance on a dark night 
with no moon is the difficulty in accurately following the intended course owing to 
the difficulty of seeing the ground features. 

A broad road may show up from 3,oooft. if the surface is white, and no ground 
mist. The Bapaume-Cambrai road can be seen from 3,o0oft. on a clear starlight 
night. But in order to follow less prominent ground features it is necessary to fly 
lower. Familiarity with the country and the ground over which an observer is 
flying makes a great deal of difference. Next to good roads, woods show up best 
as landmarks. MHavrincourt Wood, for instance, can be well seen on a starlight 
night from 2,oooft. or a little more. 

Water does not show up well. 

It takes a well practised pilot and observer to examine an area systematically 
on a dark night. Provided that this can be done a good reconnaissance can be 
still carried out provided that sufficient flares are carried and dropped at regular 
intervals. 
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On a dark night of poor visibility or dark night with clouds overhead, very 
little can be done. It is extremely difficult to follow an intended course. It is 
hard, in the first case, to pick up landmarks and easy to lose them again. 

On a full moon night when the moon is low, and on a haif moon night, the 
effect of shadows is very considerable. 


It is certain that in many cases shadows of trees, etc., have been reported as 
transport. Most observers who have done a lot of night reconnaissance work have 
had the experience at times of seeing outlines which they suspected to be enemy 
movement, and on coming down lower have found that they were looking at strong 
shadows on a white surface. 

It is necessary for observers to be careful about this point and to look carefully 
at anything of which they only see the shape dimly. 


Parachute Flares. 


The large parachute flare now in use lights up an area of about half a mile 
square. The area lit up sufficiently brightly to observe detail is only about a 
quarter of a mile square. 

The value of a parachute flare depends almost entirely on the way in which it 
is used. If it is dropped from a great height it will have floated a long way 
from the point to be examined by the time it gets near enough to the ground to 
give its best illumination and observe ground objects. 

The best height for illumination starts about 1,800ft. and goes down to 5ooft. 
Below this height the area covered is too small. <A flare should be used with 
reference to the wind, so that it will float aiong the line of road or railway or 
targets to be reconnoitred. It will thus light up the maximum amount of the 
object to be inspected. 

It burns effectively at a suitable height for about four minutes. 

Machines, to get the most of its light, can fly backwards and forwards over 
the ground several times. The best light thrown by the flare is often when it is to 
the side of the object rather than directly over it. It is most important to fly back 
over the flare or round it in wide circles. If the pilot drops it and then flies 
straight, comparatively little good is obtained from its light. 

A time fuse on a flare would be very useful, so as to be able to make it burst 
at the height required, and machines would not have to remain so long over the 
same area waiting for the flare to reach its best height for observation. 

The large parachute flares in use drop very slowly. 

Extraordinary detail can be observed by their light, especially at the centre 
point of their illumination. 

Several cases have occurred of men being seen running across a road. 

In order to examine a road properly they should be dropped at precise intervals, 
so that the area illuminated by each one overlaps, otherwise a most important part 
of the road might be missed. Along a road like the Arras-Cambrai road it is 
possible to give a reliable report as to whether traffic is abnormal or not if the 
flares are used well. 

Gne or two flares dropped at long intervals might miss the traflic on the road 
and produce an unsatisfactory report. 

Flares are very valuable for illuminating a definite target such as a railway 
station or vard. If one flare is accurately dropped it will light the whole station 
like daylight, and for a long enough period even to count the rolling stock, etc., in 
the station. 


‘ It must, however, be dropped so as to float over the target. 
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In a similar manner the flares may be used for inspecting and verifving the 
damage done by the bombs dropped. 

The small launching tube flares are not of any use for general reconnaissance 
work, as they do not light up sufficient ground and do not last long enough, as well 
as giving away position of the mac hine as they burst directly under it. 


If, however, the small object has been seen, at which it is desired to look more 
closely, they will show it up for a short time if dropped from a very low height. 

On moonlight nights verification as to type of transport can be made. 

Although it is essential to carry flares which will give a large amount of light, 
it is equally essential to carry a large number of flares in order that a large area 
can be inspected thoroughly on one reconnaissance. 

It is therefore necessary for the best results, to strike a balance between 
effective illumination from each flare and the carrying of the maximum number of 
flares. 


Effect on Reconnaissance Machines of Enemy Searchlights. 


Enemy searchlights are a very great hindrance to reconnaissance even if not 
supported by A.A. or M.G. fire. 

The effect of oné€ searchlight is dazzling, and if a machine is caught in several 
searchlights the glare of these will blot out the ground and make observation 
impossible. 

If a machine is handed on from one searchlight to another it may be prevented 
from carrying out its reconnaissance work. 

This difficulty is most marked on dark, clear nights, when it is hard in any 
event to see landmarks. On occasions, searchlights along the Arras-Cambrai road 
have given the reconnaissance machines great difficulty. Over certain areas close 
in to the lines, machines have been prevented from making any observations at all. 

If a machine gets very much bothered by searchlights along his line of recon- 
naissance, he will do best to leave it altogether for a short space of time and come 
back and try his luck again. 


If the A.A. defence is concentrated the average pilot and observer will be kept 
from flying low, and will not carry out their reconnaissance at a height at which 
the best results can be obtained. 


The most effective enemy defence against low-flying machines are machine 
guns. The machine guns fire red tracer, which, even if not accurately aimed, has 
a moral effect. 


For the most part the country more than ten miles behind the lines, with the 
exception of special points, such as dumps, unloading points and certain railway 
stations, is very little defended. 

Rifle fire at night has very little danger, and is rarely accurately aimed. 


Train Movement. 


On a moonlight night train movement on the normal gauge railways is very 
easy to see, particularly trains moving under a heavy load or standing with steam 
up. The wide trail of the smoke can be seen from a distance of several miles. 
When the moon becomes smaller the smoke can only be seen from a shorter 
distance. Railways are easy to follow on any moonlight night, and there should 
be no difficulty in observing any trains with steam up. 


It is difficult to observe the composition of a train on any moonlight night 
unless flying very low over it, at a height of less than 1,o00ft. 
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Similarly, an accurate report on the amount of rolling stock in a station yard 
requires very low flying. But a train or station yard can be examined and 
accurate observations made by means of a parachute flare. 

On a dark night trains are only visible to a machine close at hand or directly 
ahead. The smoke trail is only visible at close quarters, but the glow from the 
firebox may show up for a greater distance, and is more conspicuous on a dark 
night than on a moonlight night. Cases have occurred where a machine has been 
looking for a railway on a dark night, and been unable to find it till the glow and 
smoke of a moving train have been seen and shown the whereabouts of the railway. 
A railway can be followed on a dark starlight night, but visibility must be good. 
It is harder to see than a broad straight road. 

A double track is very much more conspicuous than a single track railway. 

Parts of the railway where there are deep cuttings, especially chalk cuttings, 
seem to show up more than a railway running across very flat country. If there 
are a lot of woods along and around the railway track, or if the track runs 
along a wooded valley, it is obscure. 

Generally speaking, it should be possible to judge the amount of train move- 
ment and its direction without the aid of flares, when road movement cannot be 
seen at all. 

Movement on a light railway, whether on moonlight or dark nights, seems to 
be particularly difficult to observe. 


Bombing of Trains. 


In the back areas a train is completely at the mercy of a low-flying machine 
carrying 112lb. bombs. The railways are undefended, with the exception of the 
large junctions, and behind some parts of the front at any rate there is no very 
formidable A.A. defence at these. 

It is not difficult to glide down to a height of 500ft. or less over a train and 
make certain of hitting it with at least one 112Ilb. bomb. A practised observer flying 
along the length of the train at a low height will usually hit it unless there is a 
cross-wind. A 112lb. bomb may be dropped at as low a height as 300ft. without 
harming the machine, and this has been done on several occasions. 

The explosion gives the machine a strong bump, but pieces of the bomb do not 
seem to fly upwards and hit the machine. 

It is usually necessary to drop a parachute flare to see the damage done, unless 
the train catches on fire. Trains appear to stop in cuttings sometimes if they 
suspect one of our machines to be overhead, and then detail is still more difficult to 
see without a flare. <A strong wind at right angles to the direction of the train 
makes the target more difficult to hit, and if the wind is very strong it may pay to 
bomb at an angle to the train and up wind. 

If a train stops in a station and shuts down its smoke owing to our machines 
being overhead it is difficult to see, but a parachute flare will usually show it up. 


Enemy Concealment of Movement at Night. 


Much less movement appears to have been observed at night as a general rule 
than would be required for the peovananeng of the enemy fighting troops in 
normal times. 

This is undoubtedly due to some extent to the care which the enemy takes to 
conceal movement. No lights are used at all in any of the areas going back to a 
line at least 15 miles back from the front trenches. 


Transport is entirely unlighted on nights when our machines are likely to fly. 
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There is a great contrast in this respect between our side of the line and the 
enemy side. 

It is probable that in most areas troops and transport have orders not to use 
the broad white main roads if they can avoid them. A recently captured German 
Army Order gave instructions to this effect prior to the attack against the French, 
and shows that the enemy realise the necessity of these precautions against night 
reconnaissances. Good pilots and observers flying low have seen much less move- 
ment than might be expected on the Arras-Cambrai and Bapaume-Cambrai roads. 
Only occasional and isolated transport has been seen, and it may be that similar 
orders have been issued with regard to these roads. 

The enemy are also very careful about lights in their trains even a long 
distance back from the lines. Instances of trains seen with lights in the windows 
are very rare. 

Very few lights are normally to be seen in villages or on roads as far back 
as 40 miles behind the lines. 

It would be interesting to know if railway movement is controlled and stopped 
to any extent when our machines are about. There have been many cases observed 
of trains stopping in stations when our machines have approached, and not 
moving out along the line. On several occasions trains have stopped along the line 
as our machines have approached to bomb it, the troops in it apparently getting 
out of the train, as rifle fire has been opened from the side of the railway line as 
the machine flew along it. 

The use of parachute flares must do a great deal to warn enemy troops and 
transport of the whereabouts of our machines and cause them to get under cover 
or conceal themselves. Better results might be obtained in good moonlight 
weather by a machine not using parachute flares so long as he flies low enough for 
good observation. 

To sum up, it appears probable that the enemy takes considerable care to 
conceal movement when our night flying machines are about, by avoiding broad 
white roads or at times by using the cover of trees, houses, etc. 

On the other hand, a good deal of movement may be missed by machines not 
flying sufficiently low, and inaccurate reports brought back on account of bad 
observation. 


APPENDIX II. 


ARGUMENTS IN FAVOUR OF A SPECIALLY DESIGNED FAST TWO- 
SEATER SINGLE ENGINE. MACHINE FOR NIGHT FLYING. 


During the naissance work has also been carried out by machines flying low. 
useful work can be carried out at night against enemy trains and transport on 
roads. 

Useful reconnaissance work has also been carried out by machines flylng low. 

It is probable that the poor speed performance of the F.E.2b will make it 
very liable to attack next summer, when the enemy has learnt to fly at night, 
and attack as successfully as our night flying Scout Squadron is doing at present. 

The work of the night flving squadrons this summer has only been the very 
beginning of night flying, and its great possibilities have scarcely yet been opened 
up. It is maintained that the biggest possibilities of night flying lie in attacking 
enemy roads and communications from low altitudes. It is unlikely that the 
F.E.2b will carry out this work successfully next summer. For the above reasons, 
it is suggested that the design of a faster and more suitable machine be considered. 


| 
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A single-engine machine should be most suitable for the work because a 
machine is required which is— 

(1) Not too large. 

(2) Easily manoeuvred. 

(3) Fast. 

These requirements cannot be met with a twin-engine machine. 

This summer’s experience has shown that a large twin-engine machine is very 
liable to attack and easy to attack. 

A machine is visible at night from the ground or from another machine for 
all practical purposes directly in proportion to its size. 

A twin-engine machine, by reason of its size and heaviness, is unsuitable for 
transport and train “ strafing *’ at such low heights that hits can be made 
fairly certain and accurate observation made. 

A two-seater machine -is advocated rather than a single-seater machine, 
because— 

(1) The most important requirement for good night flying is that machines 
should be able to find their way with as great accuracy as possible 
under all conditions. .\ two-seater machine will fulfil this require- 
ment where a single-seater machine will fail. 

(2) More accurate bomb dropping will be obtained and more reliable 
reconnaissance reports. 

(3) Observer will have a gun to protect his tail. 

In considering the type of single-engine two-seater machine required, the 
following are the chief points to be weighed. 


A. A type of machine should be provided in which successful work can be 
carried out on all possible types of nights with useful results. 

With a machine with a very good field of view useful work can be carried 
out throughout the whole month. 

A machine without the best view would only produce good results under 
conditions of the best visibility, viz., the moonlight period and bright dry starlight 
nights in summer. 

To get the best value out of night flying it is necessary to be able to carry 
on work continuously under all possible conditions of visibility. 

For this reason the best results would not be obtained from any day flying 
machine now used on active service. All such machines are built to some extent 
to provide upward view, in case of aerial combat. The Bristol Vighter, for 
instance, is designed almost entirely for upward view. An average pilot in a 
Bristol Fighter would only find his way accurately on a moonlight night. 

A special type of machine is required which is specially built to meet the 
difficulties encountered in night flying just as the Bristol Fighter is specially built 
for fighting. 

The I. E.2b provides this condition of good view, but is liable to attack from 
behind and has insufficient speed and climbing power. 


B. Speed. A good speed performance 
(1) Will make the machine less liable to attack from the air. 

A machine of high performance should be almost immune from attack from 
the air. For an attacking machine the machine being attacked is difficult to keep 
in view at night, and he will therefore find it very difficult to do anything against 
a machine with a performance as good as his own. 
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This being granted, the observer will be more likely to concentrate his attention 
on the ground without spending his time looking out for E.A. 

(2) Will make a machine more difficult to hit from the ground. 

(3) Will make it easier for the machine to avoid and get out of 
searchlight beams. This is a very important consideration. 

(4) Will make every operation flight of much shorter duration More 
bombing flights will be carried out in one night with no more strain 
on personnel. 

(5) Operations will be carried out without difficulty in very high winds. 


C. Ability to land fairly slowly. 


This is necessary to avoid aerodrome crashes and cessation of work by blocking 
of flare path. Also necessary in order that landing may be carried out without 
too great volume of light. 

It should be possible to produce a fairly slow landing machine without cutting 
down performance too much. 


D. Bomb-carrying capacity. 

For the type of work for which machine is designed, performance should not 
be sacrificed to bomb-carrying capacity. Given a good machine in which low 
fiving can be done, three 112lb. bombs should be quite sufficient to knock out a 
target. 


E. Machine should be manceuvreable, easy to handle and fairly stable. 

Should not have a tendency to spin when rudder is used with insufficient 
aileron. 

Good climb is required up to 5,000 feet, but not above. 


Possible Type of Machine. 


i. Pusher gives ideal view, and an effort should be made to produce a pusher 
of high performance. 

ii. A Tractor, if specially designed, could be built so as to give a very good 
view. <A broad chord could be given to the top plane; a narrow chord 
would, probably be necessary for the bottom plane. Forward stagger to 
top plane would help. 

A Tractor might be produced with good performance and very good 
view. Such a machine would have the advantage of being able to protect 
itself from attack in the air. But it is doubtful whether even a specially 
designed Tractor would be as satisfactory for night flying under difficult 
conditions. 

ili, An engine of not too heavy type would be required. Falcon Rolls-Royce 
suggested. 

iv. Machine about the size of a Bristol Fighter. 


Given a good machine, it should be possible to almost paralyse enemy com- 
munication by train bombing. 

It is suggested that both a tractor and a pusher aeroplane should be designed 
for the work and built, and that the most successful of the two, when tried, should 
be standardised. 
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DISCUSSION. 


Air Vice-Marshal Sir E. L. ELLiInGton congratulated the authors on their 
interesting papers. He had not had an opportunity of reading Squadron-Leader 
Hill’s paper, but he had read his report, which was put in to the Air Council 
some time in the summer. Those at the Air Ministry thought the report was 
valuable, for the ordinary pilot had to fly a twin-engine machine in the course of 
his duties. They suggested that it should be re-written for publication, and it 
was finally decided that the Aeronautical Society should get Squadron-Leader Hill 
to give a lecture on the subject. The lecture would be of the greatest value to all 
Air Force pilots. The twin-engine was already in existence in three or four types 
in the Air Force, and the difficulties of flying it had, in the past, caused more 
than one accident. The twin-engine machine had arisen from the demands for 
increased power. The simplest means of getting increased power is to take 
two or more engines and put them out on the planes, each driving its own pro- 
peller. The lecturer showed the difficulties from the pilot’s point of view in such 
a machine. No doubt the aero-dynamical difficulties would be got over in the 
course of time. One alternative to a twin-engine machine was increasing the 
size of the engine, which meant a long and expensive period of development. 
There must be some limit to the size of the engine—either the size of the cylinders 
or the number of cylinders. The third alternative was to couple two or more 
engines together and drive one or two propellers through gearing. That had 
disadvantages due to the weight of the gearing and the loss of power, a complica- 
tion likely to lead to failure. He would like Squadron-Leader Hill to state what 
effect having the engines coupled and driving the propellers through gearing was 
likely to have on the flying qualities of the machine. Would the adverse effect 
he had referred to be the same if all the engines were geared to all the propellers? 
If in a twin-engine machine one engine would drive both propellers when the 
other broke down, presumably there would be no adverse effect on the flying 
qualities of the machine except the loss of power. When Major Baker referred to 
night flying machines of the future he did not refer to the Parasol, which had 
come into prominence. He said the really important thing was the upward and 
downward view, and that could be got with the Parasol mathine. Was the 
Fokker machine recently at Croydon, which had 1,500lbs. useful load with a 
small engine, likely to be a good one for night flying? Squadron-Leader Hill 
called attention to the difficulties of flying a twin-engine machine, while Major 

aker thought the twin-engine was the night flying machine of the future. That, 
he took it, was largely due to the view one got which could also be obtained 
from a pusher type like the FE2b. A twin-engine, with its complications, was 
not likely to be so very much better than other types of machine for flying at 
night. He did not think Major Baker was right when he said it was not a good 
thing to develop night flying for civil aviation in the immediate future. The 
great advantage of flving over other transport was the gain of speed. Working 
from Egypt to India or from Cairo to the-Cape or over long distances such as 
one got in America or Canada one must be prepared to fly all the 24 hours, 
with relief machines, and he thought they should look for early development of 
night flying. 


Commander RaIkEs, R.N., said he had been connected with the construction 
of submarines and the submarine service for some time. Whether the question of 
the control of such craft would be of interest to those engaged in the study of 
aeronautics he did not know, but it had been suggested that it might be. 


There was undoubtedly an analogy between the control of submarines in the 
water and that of aircraft in air, more particularly in the case of airships. 


With regard to airships, in the one case in the submarine buoyancy was 
decreased by putting in weight and the vessel was controlled in water by the use 
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of planes and the speed given by the propeller, in the other case in the airship 
the buoyancy was increased and the vessel controlled in air by the use of planes 
and the speed given by the propeller. He was not sure to what extent there was 
an analogy in the case of airplanes or heavier than air machines. 

The captain of a submarine was not the pilot in the sense that he was in 
aircraft. He controlled others to whom the actual work was delegated, by orders. 
He did not personally control the engine or the planes, but they were worked 
to rules and instructions and by the experience of those in charge of them, who 
were checked and controlled by the commanding officer. He (Commander Raikes) 
believed that it had been suggested that this svstem of control might be used in 
connection with the control of multi-engine airplanes of large size in the future, 
but would not like to express any opinion as to the possibility of this. 

There were differences, the chief one was that air pilots were dealing with 
speeds 15 or 20 times as great as those dealt with in submarines; therefore 
all those problems of control must be increasingly difficult ; they had less time to 
think and had to act much more quickly. Further, in the submarine operating in 
the water element there was practically complete silence and orders could be 
given and remarks made and heard without any difficulty and without the use 
of instruments, except in the case of a distant compartment such as the engine- 
room. He understood that in aircraft the impossibility of verbal control due to 
noise would be a great difficulty. In modern submarines there were two engines 
and two motors operating two propeller shafts, this in order to get more power, 
reliability and manoeuvring capacity. If there was a sudden loss of speed when 
the submarine was perfectly trimmed, this loss of speed resulted in an alteration 
of trim as had been said was the case with aircraft. 


For example, if a speed of ten knots were suddenly reduced to two the 
submarine would tend to go down by the bow and that tendency had to be 
controlled. 


The difficulty of one engine stopping suddenly and therefore giving the vessel 
a tendency to turn quickly in that direction, referred to by Squadron-Leader Hill 
in the case of aircraft, owing to position of the propeller thrust with regard to 
the centre of gravity did not occur in submarines except with regard to loss of 
speed, because the propellers were close together and the movement of a sub- 
marine in water was sluggish in comparison with the movement of an airplane 
in air. 


Co]. A. OGILVIE congratulated Squadron-Leader Hill upon his analysis of 
the difficulties of the pilot. He did not think that such an analysis had ever before 
been put down on paper. The pilot’s difliculties had to be much more considered 
now than they were during the war, when time was too important and the pilot 
was expected to adapt himself to new difficulties at a quicker rate than the diffi- 
culties could be overcome by the designers, and in general that actually happened. 
If the designer had known at the beginning of the war what the pilots would 
put up with at the end of the war they would have been very astonished. In his 
view aeroplanes in the ultimate future would be a more reliable and safer form 
of transport than any other. A person at the beginning of the railway times 
would have been astounded to think of the large mass that could be dragged at 
60 miles an hour to-day without danger. The main advantages would be that 
there would be plenty of room, that it would be possible to get safety on a turn 
and that if machines were really made inherently stable they would be practically 
unbreakable in the air. He thought these considerations would: in the end make 
air travel very safe and reliable. The present position between single and twin- 
engine machines came down to the question of starting, when the twin-engine 
was distinctly more dangerous. There was a bigger risk of accident with it at 
the moment of starting and for the first few minutes, but a less risk when once 
well up and away, as with two engines if one failed the other would carry 
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you home. Until the difficulty of swinging when one engine cut out was over- 
come the twin-engine machine was not as a type in a satisfactory position. Several 
methods had been suggested, such as the synchronising of motors as Squadron- 
l.eader Hill spoke of, by means of controlling the throttles of the engines. That 
did not seem to him a very practicable scheme. The whole of the mechanism 
would have to be exceedingly delicate to cope with the situation. He thought it 
was a sound method to go for two engines and gear-driven propellers. The difti- 
culty at present was that when two engines were geared on to a single propeller 
or double propellers, and when one engine stopped one only got about one-third 
of the propeller power instead of one-half as is obtained with independent systems. 
This was probably due to the loss of revs. on the remaining engine. Some 
of this loss of power could be regained by having a variable pitch propeller, but 
even then one could not get more than about 45 per cent. He would say that 
there are now no serious obstacles in the way of a variable pitch propeller. 


A suggestion made to Dr. Watts by Mr. Rowledge, who is present in the 
hall, was that a very good propeller disposition would be obtained by having a 
central power unit with at least two motors and each of these two motors would 
drive two propellers well out on the wings. The advantages would be that you 
would always have half vour power if one engine stopped, that in the central 
engine-room one mechanic could look after two motors and that vou would get 
all this with a central power thrust and would not get any swinging tendency 
when there was engine trouble. The propeller thrusts would be clear of the tail 
plane and the pilot would be in a really suitable position, which was not right 
at the back of a machine where he could not see. He suggested that this was a 
scheme which should be tried. 


The first item on the Research Committee programme was the question of 
stability and control. Private firms were working on the performance question 
and it was hoped that soon a much higher weight per h.p. could be carried. That 
would be very beneficial towards the reliability of the machine, because in order 
to get a suitable performance one was forced at present to cut down the total 
weight per h.p. to 12 or 15lbs. If 20-25lbs. could be carried a very much larger 
amount could be set aside for the engine and gear and all auxiliary apparatus 
could be installed in a very much more reliable way. 


Dr. L. Bairstow referred to Squadron-Leader Hill’s remark that as time 
went on designers would overcome, step by step, the difficulties which at present 
were left to the flier. Before designers could start to solve a problem, the 
problem itself must be clearly stated, and it was important to have on record the 
expressions of opinion and the record of observations which the author had given 
them. It would be still better for future progress if they could have similar 
opinions from many other pilots. The future of aeronautics did not depend on 
whether the conclusions reached were controversial or not, since experience in 
the past had shown that reports as to the behaviour of an aeroplane might be 
controversial and represent the facts. The explanation was that for the lateral 
movements of an aeroplane say, two controls were provided—rudder and ailerons 
—and it was possible for two pilots so to use their ailerons and rudder that one 
would describe the aeroplane as heavier than the other. Given instruments to 
measure their sensations, they would find the observations of the instruments 
agree with the expressions of opinion. 

A skilful pilot would avoid vigorous side-slipping and never meet the difh- 
culties that came to the unskilled pilot. But apart from the individual difficulties 
due to the pilot, there were characteristics which could be identified as belonging 
to the aeroplane. Difficulties occurred, and a recurring difficulty was always a 
good starting point for an inquiry as to its cause. This country was fortunate 
in having a small band of experienced pilots under Squadron-Leader Hill’s en- 
couraging leadership who would take up aeroplanes which were troublesome, 
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reproduce the difficulties and analyse the results for cause and effect. Given such 
help, the designer could proceed to incorporate the data into new designs which 
should not have the same defects. In the twin-engine—certainly in the case of 
the multi-engine aeroplane—too much stress was put on the pilot. In conclusion 
he hoped the paper would stimulate those responsible for design to study the 
dificult and important problems of control and stability. 


Wing Commander Curistiz said Major Baker had dealt very fully with the 
military aspect, but he would confine his remarks to the civil aspect. With regard 
to the use of night flying as a means of transport he could not share Major Baker’s 
rather pessimistic views. The saving of time was the one real advantage com- 
mercial aviation could offer to the world, and he was afraid this would only be 
made clear to business men by demonstrating it on long routes in competition with 
railways and shipping. The economy of a few hours would hardly attract atten- 
tion, but the saving of days in postal communications between two important 
commercial termini must soon draw practical support even from the most conven- 
tional trader because he could clearly calculate its value to his pocket. Other 
factors being equal, the longer the route between two given termini, the greater 
would be the demand for aerial traffic; these conditions made it very difficult to 
commence economically by establishing short routes; they imposed upon aerial 
trafic concerns the hard task of raising relatively large capital sums from an 
uninitiated public. They further pointed to the immediate necessity of utilising 
night flving for the transport of mails and goods, if not yet for passengers. As 
Major Baker stated, the two chief difficulties consisted in devising an easy means 
of finding one’s way and of effecting an emergency landing safely by night. In the 
case of flying boats travelling over water at not too great distances from land 
these difficulties were already practically eliminated. By dead reckoning and 
systematic checking of drift, a correct course could be steered, especially if 
occasionally aided by marine lighthouse flashes, lightships, or by the ever-visible 
phosphorescent glow marking the coastal surf. He was assured too by experts 
that a forced night landing even on roughish. water need not be feared with some 
of the existing types of strong seaworthy construction. There seemed little or 
nothing to prevent the early use of flying boats or amphibia by night on routes 
along rivers, lakes, or the sea coast, provided they were moderately stable laterally 
and fore and aft and afforded a clear downward view. Air trafic by night over 
land routes might be a little harder problem, but must be tackled; the ground 
organisation was all important; reliable meteorological data should be available 
at all times, and fog warnings issued promptly. It seemed doubtful to him 
whether the machines designed for davlight transport could be successfully em- 
ploved on nights of low visibility, and he agreed that a stable twin-engine tractor 
aeroplane with the ability to fly almost fully loaded at a moderate altitude witb 
only one engine in action, would represent his ideal of a commercial night fiving 
machine, as it would afford the requisite range of view for navigation purposes 
and the maximum degree of safety. The construction of landing roads would 
be far too costly, even on routes where the frequency of aeroplanes might some 
day attain that of our existing main road motors traffic; moreover, landing on a 
narrow belt only too yards wide in a strong cross wind might lead to worse 
results than on a rougher surface but into wind. He was confident that a satis- 
factory solution could be found by utilising and developing the means already at 
their disposal, /.c., the science of navigation combined with the necessary instru- 
ments, artificial illuminating devices and a careful ground organisation. Before 
commencing a regular night route, the selected pilots must have traversed it 
frequently by day with observant eves, and photographic mosaics of the route 
should be studied since they represented a very noticeable likeness of the ground 
as seen from the air in moonlight. A keen-sighted intelligent navigator should 
have little or no difficulty in keeping on the correct line in half to full moonlight, 
but when visibility was lower, he must resort to a certain amount of dead 
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reckoning, aided by flashing lighthouses placed at such intervals as the nature of 
the route should demand, say 50 to 100 miles apart. Between the lighthouses 
or other illuminated landmarks a compass course must be steered with calculated 
windage. By locating a small but distinctive stationary light at a known distance, 
say a mile or two from each lighthouse on the course-to-be-made-good, the two- 
point method could be used and the drift checked in the simplest manner without 
loss of time. The new G.T.I.—Gyro-Turn Indicator—facilitated matters remark- 
ably for the pilot, since after a few minutes’ adjustment he could fly on the desired 
course by watching the G.T.I. dial and ignore the gyrations of his compass 
through de- or acceleration in clouds. Under the better regulated conditions of 
peace time, mechanical troubies necessitating emergency landings ought to become 
very rare. One realised in such circumstances the value of parachute flares. 
These flares still require improvement, too much of the light being at present 
thrown upwards and outwards instead of downwards. Sites for inland light- 
houses should be selected in open country, ¢.e., away from trees or buildings so 
that a pilot in trouble could make for the nearest lighthouse and by dropping there 
a parachute flare, would have reasonable chances of effecting a safe landing. It 
was essential to general safety that the illumination of aerodromes be on similar 
lines at every station. The International Convention laid down certain regula- 
tions, but these required closer definition or even modification. Page 25, para. 
44, divided an aerodrome into three zones for landing, taking off, and taxi-ing in. 
Theoretically that was good, but in practice there was rarely space available for 
all wind directions, owing to the shape of the ground, or the surrounding obstruc- 
tions. Para. 46, on the same page, stipulated an L-shaped flare-path, marked 
by white lights, the length of the long arm of the L to vary with the extent of 
the area safe for landing upon. Such variations were bad, because on a really 
dark night one gauged one’s distance from one’s height above the flare-path 
mainly by a knowledge of the distances between the individual flares, and one 
adjusted one’s glide accordingly. Lastly, the Convention laid down that the 
flares were to be white lights without at the same time fixing a definite colour 
for obstacle lights; this must tead to confusion, and if some air stations marked 
their obstacles in white it would be difficult for a pilot on a hazy night to distin- 
guish the actual flare-path amidst the complex of optical patterns below him. It 
was to be hoped the International Committee for Air Navigation would adjust the 
regulations to a more suitable standard as soon as it came into being. 


Major G. H. NorMAN agreed with all that Squadron-Leader Hill had said. 
The question was were twin-engine machines as reliable as single-engine machines, 
and if not could they be made so? He thought it would be agreed that at present 
they were not as reliable in connection with forced landings and accidents with 
single-engine machines, but there were several types of engine in which forced 
landing was seldom due to important parts of the engine, but was due to failure 
in the petrol svstem or other auxiliary apparatus. If those matters were watched 
they would not be troubled with forced landings nor have the same necessity for 
going to twin-engine machines to avoid them. He did not suggest that twin- 
engine machines were not suitable for certain purposes. The single engine-room 
seemed desirable, but if an engine of ordinary design were made bigger and bigger 
and located centrally the machine would be an inefficient weight carrier. One 
way of overcoming this difficulty was to put the engines in the centre and the petrol 
out on the wings. Major Baker wanted a machine with a clear downward view. 
He imagined that meant a machine in which one could look over the front of the 
machine and see what was underneath. That could not be done with a single- 
engine tractor, wherever the planes were put—even if the observer were put very 
far forward he could not put his head over the front on account of the propeller. 
A, pilot should not be called upon to do the navigation. It was done at present 
on passenger-carrving machines in the daytime, but it would certainly be too much 
for the pilot at night. The crew must consist of more than one man, apart from 
any necessary mechanics. 
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Wing Commander Cavr-BroWNE-CAVE said he was particularly interested 
in the part of the Paper in which Squadron Leader Hill treated of the extent to 
which the forces which the pilot had to exert reached the limit of his strength. 
The problem was similar to that which had met airship designers for a considerable 
time. .\s Commander Raikes had told them, the possibility of dividing the control 
among a number of men, acting under the orders of the pilot, depended on the 
speed with which they carried out the orders. When the pilot himself controlled 
the machine many of his movements were instinctive, and were carried out 
immediately his brain conceived the necessity of making them. If the instructions 
were given to one of the crew there was necessarily some delay in the movement 
being effected. Pilots accustemed to flying their own small airships had a great 
aversion to allowing anyone else to work the controls under their direction, because 
they thought the delay would be serious when landing or when in a tight place. 
Most airship pilots, however, would agree that the delay was small. There was, 
however, this one benefit. Having given an order, one need think no more about 
it except in a secondary way—to see that it was carried out. What was lost in 
speed was gained in the ability to give the order and then think about something 
else. Many of the operations of flying the ship were carried out automatically, and 
those responsible for them and the pilot were only required to think of necessary 
alterations from the normal course. With regard to machines having the engines 
in a common engine-room and driving through gearing, he pointed out that a 
similar system had been tried in practically each type of airship—small, inter- 
mediate and large, and had been abandoned because of the difficulty of torsional 
resonance in the shafting and the gearing. With airships, at any rate, where the 
engine speed was sometimes 800 and sometimes 1,600, according to the duty its 
ship was doing, it had been found that at some engine speed one got a period of 
resonance, and with this large range it was difficuit to keep clear of the dangerous 
period. He wished to draw the attention of the designers of gear drives to that 
danger. With the smaller speed range in aeroplanes it ought to be possible to 
overcome that difficulty. The actual speed of resonance was a very difficult thing 
to calculate when gearing and flexible couplings were involved, and in his experience 
the trouble did not usually declare itself till after some hundreds of hours’ running. 
It was therefore most necessary to test out a gear drive very thoroughly indeed 
before accepting it as satisfactory. 


Squadron-Leader HILL, replying to the discussion, said he was encouraged 
by the amount of sympathy one got as a pilot and felt a strong bond between the 
scientific community and the flying community. As far as the aerodynamic 
qualities of the large machines were concerned, it seemed to amount to this—were 
they or were they not going to have unbalanced thrust axes at a distance ‘from 
the centre of gravity. Supposing it were vossible to have gearing to drive the 
propellers in symmetrical positions and that the symmetry was not destroved in 
the event of failure of any engine, one would not have this burning tendency or 
swing. That was the only unpleasant feature of the twin or multi-engine 
aeroplane. Until they had a reliable aeroplane, either by being able to fly on a 
certain part of the power, while the other part was idle, so that the engines could 
be tinkered up, or else by getting much more reliable engines, he thought that 
the success of commercial night flying must be delayed. 


Major Baker said, in regard to Air Vice-Marshal Ellington’s suggestion, he 
thought that the upward forward view from a Parasol machine was not what it 
should be. It was most important at night to get some sort of horizon where one 
got off the ground. As Major Norman said, one wanted to get one’s head outside 
and see right under the machine. For fast flying such as war night flying he 
agreed that the pusher type was the best. Forced landings were, at present, such 
a critical question in night flying that the merits of the twin-engine stood out 
enormously on that account. If landing places or lighthouses were put where a 


December, 1920] THE AERONAUTICAL JOURNAL 649 


machine could possibly land and one had an aeroplane that could drive along on one 
engine—perhaps losing a little height but not necessitating a forced landing— 
one might get to such an emergency landing ground. He had perhaps laid undue 
emphasis on the view that night commercial flying would be deferred, but he did 
not think under present conditions there was much possibility of night flying for 
the time being, on account of the expenditure required. Major Christie's 
suggestion as to the possibilities of the amphibian type of machine were very 
interesting. He thought the development of night flying would come from small 
beginnings, and the amphibian might open out many important flying routes for 
use by night. 

The CnatrMAN said he felt that the present twin and multiple-engined aero- 
planes formed a blind alley in progress, and did not represent the right line of 
development. In spite of the technical difficulties represented by Colonel Cave- 
Browne-Cave, he had no doubt that we must come to some sort of central engine- 
room. He did not believe in the necessity of more than two engines, or at the 
outside, three; if more power were required, the power of each engine must be 
increased. On ordinary cruising work the engines could be run at half-speed, and 
they could only be run “‘ all out ’’ in an emergency or in case one stopped. Right 
through these lectures he felt that too much stress had been laid on the probability 
of engine failure. There were half-a-dozen engines in existence now with which 
the possibility of engine failure was almost nil. With the single engine the chief 
weakness was in the installation, and with multiple engines the installation was 
more complicated and more liable to failure. Of course, night flying must come 
in commercial aviation. It could not be a success without it. Special machines 
were not required for it. He thought Major Baker laid too much stress on the 
expense involved in lighting an air route. He was all against lighting an air 
route by a succession of lighthouses placed at short intervals along it. There 
wasn't a string of lightships across the Atlantic by which to find the way. Air 
pilots must find their way by navigation, which was a matter of weather reporting, 
wireless telephony and directional wireless. The aerodromes certainly would 
require lighting, and very eflicient lighting, but this would not involve great 
expense. _ He proposed a hearty vote of thanks to the Authors of the two Papers. 

On the metion of Air Commodore BrookrE-PopHam (Chairman of the Society) 
a vote of thanks was accorded to the Chairman. 


COMMUNICATED. 


After reading Major Baker’s excellent Paper followed by Major Christie's 
very sound ideas on the requirements of the civil side of night flying there is very 
little to add. 

Major Christie has already emphasised the necessity of standardisation in 
aerodrome lighting and ground organisation. The importance of this cannot be 
over-estimated. 

I have always found that a T-shaped landing path is more easily discernible 
than the deceptive L flare path. Almost all civil aerodromes are situated near a 
town where thousands of lights are visible at night. Unless aerodromes have 
some very distinctive markings a pilot will be easily confused. I would strongly urge 
that a powerful searchlight throwing a vertical beam would be of greater assistance 
than a flashing lighthouse. Similarly, searchlights throwing vertical beams placed 
at intervals of twenty miles along a recognised route will be more useful than 
flashing lighthouses. A searchlight will penetrate thin clouds—the “‘ glow’’ can 
easily be seen—when flying over low cloud banks. A pilot flying over low clouds 
would miss a lighthouse, but he would see the glow from a searchlight. 

Night flying machines will undoubtedly be fitted with wireless telephones. _ It 
is always possible to give a pilot his bearing from an aerodrome, so that in the 
near future we can confidently expect the pilot to have very little to worry him in 
navigation. H. G. BrackLey. 
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PROCEEDINGS. 
THIRD MEETING, 56th SESSION. 


The Third Meeting of the 56th Session was held in the Hall of the Royal 
Society of Arts, London, on Thursday, November 4th, 1920, Sir Humphrey 
Rolleston, K.C.B., F.R.C.P., occupying the chair. 

The Srcretary (Lieut.-Col. W. Lockwood Marsh) announced that the next 
meeting (on November 18th) would commence at 5 p.m., when M. Damblanc would 
deliver a lecture on ** The Problem of the Helicopter.’’ 

The CHAIRMAN in introducing the Lecturer, Wing-Com. Martin Flack, said 
there were two kinds of physiologists or investigators into the normal functions 
or activities of living bodies, both of whom did extremely valuable work : (1) Those 
who attacked problems from a purely scientific standpoint, for the love of truth 
and without any utilitarian thought; often their results were eventually found to 
be of great practical value; (2) those who attacked and solved questions with an 
obvious bearing on health, industry or preventive medicine; this was applied 
physiology, and Dr. Leonard Hill was its apostle. Wing-Commander Martin 
Flack was his disciple and had devoted himself to elucidation of practical problems 
in connection with the selection and testing of airmen. The life-saving influence 
and the monetary economy that he had thus effected it was difficult to exaggerate. 
As a member of several medical committees under the Air Ministry he (the Chair- 
man) had the opportunity of watching the development and application of his 
physiological methods, or as they were commonly called Flack’s tests, for 
deciding whether or not a candidate was fit to be an airman, and for forming an 
opinion as to the degree or cause of inefficiency in a pilot who was stale or off 
colour. Just as mechanics tested a machine, so medical officers tested the human 
part of the machine, and thus danger to the pilot, his passengers and the machine 
was minimised. Wing-Commander Flack was secretary of the Air Medical 
Investigation Committee of the Medical Research Council, which, under the 
chairmanship of Dr. Henry Head, had the services of a number of experts. Wing- 
Commander Flack was therefore, both from his own work and from his thorough 
knowledge of current investigation, admirably fitted to speak to them on ‘‘ The 
Human Machine in Relation to Flying.”’ 

Wing-Commander Martin Fuack, C.B.E., then delivered the following 
lecture :— 


THE HUMAN MACHINE IN RELATION TO 
FLYING. 


Mr. CHAIRMAN AND GENTLEMEN : 

Before proceeding in the short time at my disposal to a consideration of the 
human machine in relation to flying, | wish to make brief reference to the lamented 
death of Dr. L. E. Stamm. 

Two years ago, you will remember, Dr. Stamm gave a lecture on the medical 
aspects of aviation, dealing in particular, on the basis of his own work, with the 
mental qualities of a good pilot. This paper showed that Dr. Stamm was an 
enthusiast in the cause of aviation, and his early death can only be regarded 
as an irreparable loss. 

This evening I propose to deal quite simply with the human element in flying 
and to consider what qualities are essential if the human machine is to functior 
efficiently. 

Despite the large amount of aeronautical research in progress, the fact 
remains that at present the pilot provides the controlling and co-ordinating 
mechanism on which the satisfactory performance of the aeroplane ultimately 
depends. 


| | 
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From a medical point of view the pilot adds the aeroplane to himself, the 
joystick, engine controls and so forth are appendages to his hands, the rudder 
bar an extension to his feet. By appropriate movements of his upper and lower 
limbs man is now able to fly, just as previously by appropriate arm and leg 
movements he was able to indulge in games or to control other forms of mechanism, 
as for example, a motor car. It is this faculty of man to employ extensions to 
his limbs which has raised him to the dominant position in the animal world. 

It is for this reason that medical men attach great importance to the human 
element in flying, an element of all the greater importance, since flying takes 
man into the third dimension and into a state of relative instability as compared 
with his previously limited movements on the earth’s surface. 

To acquire the art of flight, therefore, a number of controlled and co-ordinated 
movements are necessary. A man must be possessed of aptitude in this direction, 
otherwise he will not acquire the art. It is common experience that certain pupils 
are found *‘ heavy handed or heavy footed and not likely to acquire the art of 
flying.’’ In the apt pupil these co-ordinated movements are at first all made as 
the result of conscious effort, but later they pass into the realm of the automatic 
so that the expert pilot does not have to think how he flies; he just wishes 
his machine to perform a certain evolution and it occurs. 

It is important to realise that no elements come into the mechanical problems 
of flying that are not required for driving a motor car or taking part in varjous 
sports. Some men have more aptitude for flying than others just as some have 
more aptitude for games. A history of proficiency at sports indicates a probable 
proficiency in acquiring the mechanics of flight. 

The fact that flying eventually becomes automatic raises a point which | 
commend to the attention of designers, particularly of single-seater machines used 
for aerial acrobatics. In these machines so far as possible there should be con- 
sistency in the muscular movements required to control the machine. As far as 
design permits the same movement of hand and foot should bring about the same 
evolution in various types of machines. In other words, machines should not 
be so dissimilar in response to controls that the action of hand and foot which 
means safety on one type of machine may mean loss of contro] on another type. 

The engine controls should also be as far as possible in the same place and 
operate in the same direction. On quick single-seater machines judgments have 
to be so quickly formed and the necessary movements so quickly made that it 
is better to have the apparatus for controlling the machine so arranged that the 
pilot instinctively can perform the correct necessary muscular movements without 
having to call to his consciousness the fact that he is on some special type of 
machine. 

To initiate the co-ordinated movements necessary for flying the pilot relies 
upon certain sensory impressions. Vision is most important. Without facilities 
for using his eyes a man is not able to fly. It has been found that experienced 
pilots cannot satisfactorily perform even a simple evolution with the eves blind- 
folded. For example, a very expert pilot who felt confident he could fly a machine 
blindfolded and do a 4sdeg. turn found he was quite unable to do so. At the 
beginning of the manceuvre he presumed correctly from the ‘* feel ’’ of his joystick 
that he was stalling, he corrected this and then began to nose dive. It is also 
well known that pilots cannot fly level in fog and may even get upside down. 
This is due to the temporary eclipse of the sense of vision. Successful fog-flying 
will depend upon the use of instruments designed for this purpose, and unaided by 
instruments man will never be able to fly in fog successfully. 

In regard to the degree of vision necessary for flying, it is generally held 
that visual acuity should be normal as tested by Snellen’s type (6/6). During the 
war, however, the standard of visual acuity was reduced in the Royal Air Force 
owing to the needs of the Service, but since the Armistice it has again been raised 
to normal. 

With the object of ascertaining the importance of visual acuity in the flying 
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officer, Wing Commander Bowdler analysed the records of the Aviation Candidates 
Medical Board. The total number of records examined was divided into five 
groups according to the stages reached by the individuals in their flying careers, 
and the frequency of occurrence and degree of defects in the various groups 
ascertained for comparison. No individual with worse vision than 6/12, 6/18 
was included. 

Group [.—3,000 candidates examined and accepted for training as pilots. 

Group I].—123 pupils training as pilots who failed to qualify, failure occur- 
ring during instruction in flying. 

Group III.—633 pupils who were successful in gaining their wings. 

Grovur I\V.—200 pilots who have been awarded the Distinguished Flying 
Cross, and in some cases the Bar. Though the average number of hours 
flown by this group is not known, it was probably considerable, but less 
than that of Group V. 

Group V.—363 pilots who have been medically examined by the Board when 
applying for a Civilian Flying License. 

This group consists almost entirely of experienced pilots with an 
average of 800 hours’ flying per man. It includes no fewer than 110 
pilots, each with 1,000 or more hours to his credit, many of whom were 
flving before the outbreak of war. 

Not included in this group were 20 pilots, examined for License 
(average hours flying 1,000), who were found to possess worse defects 
than 6/12, 6/18. 

In considering the percentages under the various grades of defect within the 
standard allowed, it was thought advisable in view of the small numbers with the 
higher defects to group the defectives in two classes for purposes of comparison. 

{6/6 6/6 6/6 6/9 
6/9 6/12 6/18 6/9 
{ 6/9 6/9 6/12 6/12 
\ 6/12 6/18 6/12 6/18 

It is to be noted that those with normal vision in the better eve are placed 
among the class of small defects, as vision with both eyes together would be 
equivalent to 6/6. 

The number of defectives in the various groups classed in this way are shown 
as percentages of the totals examined in the Table below :— 


1. Those with small defects, i.e 


2. Those with comparatively large defects, t.c., 


| VisuaL | SMALL | LARGE 
No. 
|PER CENT| PER CENT|PER CENT. 


Group I. 


| 
Accepted Candidates 9000 |] 19.2 
| | 
Group IT. | 
Pilot pupils failing | 296 4.8 
| | | | 
Group III. | | | 
Pilot pupils qualifying ...| 633 | 18.6 | 12.78 £58 
| | | 
Group IV. | | | | 
Pilots with Distinctions ...| 200 | 20.5 | 185 [ 2.0 
| | | | 
Group | | 
Civilian Pilots 363 | 20.2 | 17.7 | 2.16 


From the above Table it will be seen that— 
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1. Among the successes and failures of the pilot pupil groups there is 
little or no variation in the frequency of defects of visual acuity within the 
limits laid down. 

2. Comparing, however, the groups of pilots of long experience and 
distinction with the accepted candidates there is a diminution of 4 per cent. 
in the frequency of visual defects among the former; three-quarters of this 
diminution occurring among those with comparatively large and one-quarter 
among those with comparatively small defects. This is suggestive of some 
falling-out from flying on account of deficient vision of men with the 
comparatively large defects. 

3- Of 383 experienced airmen, there failed to reach the standard of 
normal vision in each eye, 93 pilots who in the aggregate had flown for 
75,000 hours. Of these 65 had small and seven large defects within the 
standard, while 20 had defects ranging from 6/12, 6/18 to as high as 6/60 
in each eye. 


It will be seen on the whole, therefore, that for military service the available 
evidence is in favour of normal vision in pilots; small defects only being in any 
way admissible if prolonged, efhcient and distinguished service is to be rendered 
by the candidate. 

Besides good visual acuity, it has been found, as the result of Wing Com- 
mander E. C. Clements’ investigations, that much depends upon the correct and 
harmonious working of the various muscles moving the eyeballs. For correct 
judgment of true distance both eyes are necessary and they have to work in 
concert. It has been found that such harmonious working of the two eyes is 
lacking in a large percentage of bad landers. By careful training, Wing Com- 
mander Clements has found it possible, by toning up the defective muscles, to 
bring about good visual judgment of distance and to turn bad landers into 
good ones. 

Experience has shown also that, from one cause or another, ocular muscle 
‘defects may also appear after admission, either in cadets during training, or in 
officers after considerable periods of service; these defects also creating difficulty 
and even inability to estimate the distance the subject is above the ground, 
causing ‘‘ flattening out ’’ too soon or too late and consequent bad landings. 

An investigation into the results of cases treated showed 84.5 per cent. 
successes after appropriate treatment. 

it is to be noted that the opinion expressed as to the improvement or other- 
wise in the ability of these cases to land is of particular value, since the pupils in 
almost all cases were returned to the*Aerodrome from which they came for 
treatment, and in many cases to the same Instructor. 

Owing to the importance of visual judgment in making satisfactory landings, 
] recommend that the visual field of the pilot be not restricted. There is a 
tendency to limit the pilot's field of vision in certain modern machines. Although 
some pilots will be able to land such machines satisfactorily, it will be found that 
other pilots will find considerable difficulty in doing so. Another point which may 
perhaps be helpfully made here is that in a fast landing machine it is important 
that the pilot be able to keep the upper wing tips in the field of vision just previous 
to landing without having to move his head, and so divert his attention from the 
landing process. Should he have to do so, it will be found that he will probably 
land badly. It is possible that the difficulty in landing D.H.5’s was due to the 
fact that the backward stagger caused the pilot to divide his attention in landing 
this fast machine. In support of this view, | may mention that the R.A.F. Eve 
Specialist observed that pilots who landed this machine satisfactorily had a wide 
lateral field of vision, while many of those who experienced dithculty in landing 
possessed a lateral field insufficient to take in the wing tips without moving the 
head to a considerable extent. 
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The following sample excerpt of cases shows that after returning from treat- 
ment, many pilots were eventually posted overseas, some becoming engaged in 
the difficult work of deck flying. Dates are given to indicate the length of time 
improvement may last :— 


| | | 
NAME. (TREATMENT| TyPE OF RESULT. 
| FintsHED. | MACHINE. | 
10/11/17 | Seaplane | Calshot, 13/5/18. 
| 
| | 

H. M. O’L. ..| 12/11/17 | Seaplane | Effective. Landings good, 15/10/18. 

| | 

H. M. ..| 16/12/17 Bombers | Posted missing, 19/5/18. 

J. 0. W 4/1/18 Bombers | H.M.S. Argus, 19/10/18. 

| 
13/1728 Bombers | Effective. Landings, D.H.6, good. 
| 244 Squadron, 15/10/18. 
| | 
D. ...| 20/1/18 Deck Flying Effective. Landings good, slight 
| trouble with his eves has quite 
| disappeared (27/10/18). 

2/56 Bombers Effective. After carrying out five 
| raids Lieut. R. went to hospital 
for treatment for his evesight on 
| | 1/6/18 (Conjunctivitis). He re- 

| turned on 29/7/18, and has since 
‘ | carried out 17 raids without any 
| further trouble his landings 
(14/10/18). 
J. WK. ...| 22/2/18 | Bombers | Posted No. 5 Group, 9/9/18. 
| 
Bombers 217 Squadron, 1/11/18. 
/ > > > 

| 16/2/18 | Bombers Dunkirk, 8/4/18. 

G. F.S | 20/3/18 — H.Q., 68 Wing, for 256 Squadron, 

| $/10/18. 

E. G. W. : 16/3/18 — | H.M.S. Furious, 22/6/18. 


For successful flying, next to vision and perhaps almost equally important, 
come the sensations from the skin and muscles, as exemplified by the instance 
given above of the blindfolded pilot appreciating what was happening by the 
‘** feel’? of the joystick. <A pilot flies very largely by the ‘* feel ’’ of his machine. 
In addition to the ‘‘ feel ’’ of the controls, he derives much information from the 
** feel ’’ of his seat, the direction and change of direction of the wind on his face. 
He is also aided by hearing the singing of the wind in the wires. Hearing is 
of importance also in flying, in so far as it enables a pilot to detect a failing engine, 
to operate wireless and to hear a telephone above the roar of the engine. 


According to some people it has been thought very necessary that a man 
should have a good sense of balance, but experience has shown, as already men- 


December, 1920] THE AERONAUTICAL JOURNAL 655 


tioned, that this balance sense is not sufficiently developed in any man to enable 
him to fly level in a fog. Great importance was at first attached by some medical 
authorities to the so-called vestibular apparatus of the ear under the belief that 
an airman flew largely by the aid of this mechanism. The idea arose mainly, I 
think, because in birds this apparatus is greatly developed. In some countries 
stringent tests in a spinning chair were applied for the testing of this apparatus, 
but research as regards British pilots, both service and civilian, has shown that 
if these tests had been rigorously applied to British pilots a number of very 
successful pilots would have been rejected. The spinning chair is only employed 
in this country when from a previous history of swing-sickness or train-sickness 
it is believed that the subject is likely to suffer from giddiness or nausea and 
vomiting in the air. 


It is to be borne in mind also that most modern machines with centralised 
controls possess a considerable degree of inherent stability, so that given visual 
judgment and the correct degree of muscle co-ordination, a pilot can thereby 
ensure the stability of his machine. 


I do not propose to deal in detail with the mental qualities required in a 
pilot, since Dr. Stamm has already done this, and has emphasised the importance 
of mental stability and of what is vulgarly known as ‘‘ guts.’’ It is to be re- 
membered, however, that for the Royal Air Force, in addition to a mental aptitude 
for flying, the subject must be possessed of a mental aptitude for fighting. It has 
been found that in both these directions the medical man is greatly aided in 
making a correct assessment by the opinion of an experienced flying man who 
combines skill in fying with sound judgment of human character. A psychological 
estimate can also be formed from a general conversation with the candidate, from 
his past history as regards sports and from the manner in which he performs 
certain special tests which he is asked to carry out. Apart from mental aptitude, 
however, great attention is paid to the nervous stability of the subject who wishes 
to become a pilot. 


I would, however, like to draw attention to the importance of more adequate 
protection in machines for the head and face of the pilot, since the main con- 
trolling mechanism of the human machine, and therefore of the aeroplane, is 
situated within the skull. 


A very considerable percentage of accidents entail death owing to fracture of 
the base of the skull, while in the great majority of accidents there is damage to 
the head or face, frequently causing concussion of the brain. Even in a relatively 
slight crash experience has shown that the forward thrust of the head against the 
cockpit or instruments may so severely impair the stability of the nervous system 
as to render the subject unfit for flying. By more efficient padding of cockpits 
it is possible to mitigate these ill effects—a fractured base may be turned to a 
broken jaw, and a broken jaw to a bruised chin, and so forth, while the degree 
of damage to the brain will be proportionately lessened. 


A good safety belt, on the lines of the Sutton belt, will also be found a useful 
adjunct in preventing damage to face and chin by such ‘‘ hammer thrust ’’ blows. 


But for flying it is not sufficient to be endowed with a mechanical and mental 
aptitude; a consideration of prime importance is physical endurance and the re- 
sistance to the strain of high flights or flights of long duration. 


If a man have no endurance he will break down, and loss of physical efficiency 
frequently entails also loss of mental efficiency or morale. For endurance it is 
particularly important that a man be fit as regards his respiratory and circulatory 
mechanisms. 

The respiratory mechanism may be termed the bellows of the human body. 
When one is sitting’ quietly the breathing is not deep; after a quiet inspiration it 
is still possible to fill up the lungs to a considerable extent, that is to say, there is 
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‘ 


‘side. So also after breathing out quietly it is possible 
’ ae 


output or exhaust 


a reserve on the ‘‘ intake 
to breathe out yet more ceeply, there is a reserye on the 
side. 

After filling up the lungs to the greatest extent it is possible to measure the 
total capacity of the human ** bellows *’ by breathing out through a modified gas 
meter. 

‘this capacity can be calculated from the weight, sitting height and chest 
circumference of the individual. Professor Drever, of Oxford, has recently 
published some tables which are particularly useful for comparing the calculated 
with the observed result. 


The examination of successful flying officers showed that about 4,oo00cc. is 
an average figure. The examination of officers taken off flying through ‘S flying 
strain " showed that their bellows capacity was very much diminished, an average 
of 3,o00cc. It became of interest, therefore, to see to what cause this fall was 
due. It was found, by careful observation, that this was due chiefly to ineffective 
working of the ‘* exhaust ’’ or expiratory side of the bellows; the individual had 
lost his power to expire fully to the greatest extent. He therefore did not empty 
his lungs satisfactorily. The importance of this may be emphasised as follows :- 
It is not possible completely to empty the chest, there is always about 2,000cc. of 
air (residual air) left in the lungs even when the ‘‘ exhaust ** mechanism is work- 
ing satisfactorily. Thus the fit individual can, if necessary, take in 4,000cc. to 
dilute 2,o00cc. residual air, making 6,oo0cc. of air in all in the chest; from this 
he can remove 4,o0o0cc. to get rid of his expired gases. The tired man, on the 
other hand, can, owing to his defective exhaust, only get rid of 3,o00cc. from his 
6,ocore., and therefore can only take up 3,0c0ce. of fresh air to aerate his lungs. 
This makes for deficient ventilation of the lungs, and the subject becomes very 
like an engine in which the exhaust valves are defective, and incomplete scaveng- 
ing of the cylinders results. This means that the mixture in the lungs, as in the 
cylinders, becomes inappropriate for the efficient working of the machine. Hence 
we find that the airman in this condition easily gets breathless on the ground, 
and certainly cannot fly to the height which he did formerly, that he now gasps 
for air at heights where he formerly did not notice anything abnormal in his 
breathing. 

For endurance and high flying, therefore, it is particularly important that a 
flier have an adequate ‘‘ bellows capacity ’’ and that the ‘‘ bellows "’ be par- 
ticularly effective on the exhaust side. The expiratory force of an individual is, 
therefore, tested by measuring his pewer to blow up a column of mercury. The 
standard in regard to this was set by the examination of successful pilots. 
Figures for fatigued pilots were also taken, and it was found that they were 
nearly jo per cent. below those of the fit man. 

The power of endurance may be further tested by getting the subject to sustain 
40 m.m. of mercury with the breath held, the pulse being counted meanwhile in 
3-second intervals. This has been found to be a test for respiratory and circulatory 
efficiency as well as of the general nervous condition cf the subject, including 
his resolution. It has proved a very valuable test in this respect. For example, 
at one aerodrome by means of this test it was possible to pick out without asking 
questions the two pilots who had been taken off flying owing to stress. 

The good pilot is possessed of an cHicient circulatory system or ** pumping 
mechanism *’ for the blood, which carries the inbreathed oxygen to the tissues 


and the waste products away from them. A pilot embarking on a flight takes 
care to see that the pumps of the aeroplane are in good trim,- It is just as 


important that his own pumps should be working efficiently. One way of testing 
the efficiency of the circulatory apparatus is to note the normal rate of the pulse 
and then to observe the increase in rate due to a given exercise (as for example, 
standing on a chair five times in 15 seconds) noting also the time taken to return 
to the normal rate before the exercise. Observation has shown that there is a 


December, 1920] THE AERONAUTICAL JOURNAL 657 


marked difference between the fit and unfit pilot in these respects. The fit pilot 
is possessed of a regular fairly slow pulse which gives the impression of a delight- 
fully easy-working piece of mechanism. It is not greatly quickened by exercise 
and speedily returns to its normal rate. The pulse of the man unfit for flying 
or unfit to learn to fly is unduly quickened by this exercise and takes considerab'e 
time to return to normal. 

Another way to test the adequacy of the circulatory apparatus is to take 
the pressure in the arteries, as for example, the artery of the upper arm. It is 
important to take the pressure both during the beat of the heart and in between 
the beats. With the beat of the heart the pressure in the arteries rises to a 
definite pressure, generally about 120 mm. of mercury. During the rest period 
this falls. In some people it may be to g0 mm. Hg., in others to 60 mm. Hg. 
The examination of successful flying officers has shown that in them the fall is 
not great, say from 30-40 mm. Hg., whereas in the tired pilot or the person 
found unfit for flving, the difference in the pressure during and between the beats 
may be considerably greater, 60 mm. or more. 

The importance of a good pressure between the beats will be appreciated 
when it is realised that strain eventually induces a fall of this pressure and should 
the fall be great enough fainting may result. 

We like, therefore, to pass for flying those who have pressures akin to those 
of successful pilots, because under strain they have a considerably bigger margin 
of fall of pressure before the critical ‘‘ fainting *’ pressure is reached—a point of 
considerable importance in anyone who may be in charge of others in an aeroplane 


The efliciency of the circulatory mechanism of the body is intimately bound 
up with the efficiency of the respiratory mechanism. This is not sufficiently 
realised. The general notion in regard to the heart is that it provides an adequate 
pumping mechanism for the needs of the body under all conditions. This is not 
the case. The pumping mechanism for the circulation of the blood consists of a 
main pump (the heart) together with certain accessory circulatory mechanisms. 
These accessory mechanisms are particularly necessary for the circulation of the 
blood in the vertical posture when the influence of gravity comes to bear upon 
the circulating fluid, tending to make the blood accumulate in the extremities and 
in the abdomen. 


The accessory mechanism for the limbs is the contraction of the limb muscles. 
This can be seen by hanging an arm immobile at the side. The hand will become 
dusky in colour, the veins will swell. At this stage, one or two vigorous clenching 
of the fist will move on the blood and restore the hand to its normal condition. 

Adequate muscular movement is therefore very important for the efficient flow 
of blood in the limbs. There remains, however, the abdominal cavity. This has 
sufficient vessel capacity to take the whole of the blood of the body, and in the 
upright posture blood will tend to stagnate there unless it is moved on by the 
accessory mechanisms. 

These mechanisms are the muscular movements of efficient respiration—a 
fact which well exemplifies the mechanical efficiency of the body. The downward 
movement in inspiration of the great muscle separating the chest from the 
abdomen—-the diashragm—acts like the piston of a pump and squeezes blood up- 
wards into the heart, since it is prevented from escave in any other direction by 
means of valves placed in the vessels. 

During expiration the muscles of the abdominal, wall and of the lower ribs 
squeeze inwards upon the abdominal contents and again force blood onwards. 

The importance of these accessory pumps to the circulation is well exemplified 
in the crucifixion of a man. The immobilisation of the limbs and the restriction 
of the action of the respiratory and abdominal muscles in the vertical posture 
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cause blood to stagnate in the lower limbs and the abdomen, thereby contributing 
the principal cause of death. 

If a hutch rabbit, with its flabby, pendulous abdomen, be held in the vertical 
posture, it will soon go unconscious owing to the lack of tone of its abdominal 
wall; a wild rabbit, on the other hand, will not do so owing to the fact that on 
account of the exercise taken in its free open-air life, it has developed the tone of 
its abdominal musculature. 

This emphasises the value of sport in developing the respiratory and circulatory 
mechanisms, and for this reason all airmen should be advised to take up sports 
which, besides giving eve and limb co-ordination, also give physical endurance 
by toning up the respiratory and circulatory mechanisms. 

The importance of sports in the life of the flying’ man cannot be over- 
emphasised. ‘The same is true in regard to members of the community generally. 
In brief, man maintains his upright posture but does not take exercise sutticient 
to render fit the mechanisms necessary for this posture. Hence the great frequency 
of respiratory and circulatory troubles. 


In conclusion, | would like to impress the importance of periodic overhaul of 


the human machine engaged in flying. This is just as necessary as_ periodic 
inspection and overhaul of the aeroplane. It is ditlicult to set a limit; it depends 
upon the nature of the aerial work and the amount done. Men vary in their 


ae ’ 


susceptibility to fatigue. Speaking in engine terms, some men are “ rotaries’ 
and some are ‘* stationaries.’’ The period fixed for the civilian pilot by the 


International Convention is six months. 


DISCUSSION. 


The CnatrMan said the members had shown their appreciation of the paper 
by their applause, and he hoped that they would express it still further by dis- 
cussing the paper. The list of intending speakers contained the names of several 
medical officers who had been associated with the medical problems of flying: since 
the beginning of the war, but he trusted any other member, particularly any lady, 
would ask questions or discuss the statements they had heard. Amongst the 
speakers would be Colonel Heald, one of the first medical officers to take up 
scientific consideration ef medical problems in the Roval Flying Corps; Wing- 
Commander Hardy Wells, formerly a surgeon commander in the Royal Navy, 
who, before the war, was one of the earliest medical men to look thoroughly into 
the question of flying; Wing-Commander Clements (they all knew what he had 
done in regard to optical problems) and Wing-Commander Bowdler (what he did 
not know about admiiting men to the Air Force was not worth knowing). 


Celonel C. B. Hrabtp associated himself with the thanks that had been ex- 
pressed to the Lecturer. It was two years since he last heard him lecture, and 
ne had brought before them that evening the progress that had been made in that 
period, largely owing to his own initiative and hard work. He (Colonel Heald) 
had seldom listened to a more entertaining lecture than this one, from which one’s 
mind need not have strayed for a moment. Such a clear enunciation of the diff- 
culties and the medical problems in a non-scientific way was most useful. It was 
most essential that there should be a public knowledge and understanding of these 
tests, because—he sooke as a medical officer for civil aviation, closely associated 
with the examination of pilots—there was a certain amount of grumbling as to 
why those complicated and hard tests were made. If the pilots had been at the 
lecture, and seen the tables the Lecturer had shown, he thought they would have 
heen satisfied of the necessity of the watch that was being kept over their efficiency, 
which was the greatest safeguard for them, and it had been achieved largely by 
Wing-Commander Flack, who, with Prof. Dreyer, they had to thank for those 
accurate records of the civil pilots to which they could refer every six months and 
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see whether a man was progressing, steady, or going back. During his year’s 
association with civil pilots it was interesting to note that they compared most 
favourably with the highest series in the Lecturer’s tables, and if anything that 
they were progressing and not steady. Flying appeared so far to have improved 
their efficiency and they showed no more fatigue after civil flying than they would 
after a long walk. The Lecturer had referred to mental tests made in association 
with Dr. Stamm. He (Colonel Heald) understood from Prof. Myers, of Cam- 
bridge, that one University in the United States had adopted mental tests as an 
alternative method of getting into that University, and they knew that in the 
Civil Service clerks’ examinations mental tests were being employed. The use 
of these and their benefit was well shown by the American report on their mental 
tests for the selection of men for the army and the various grades into which they 
were able to put them rapidly when recruiting, especially in the rush of 1g18. He 


advocated their consideration for the selection of candidates for Cranwell. The 
Lecturer had touched on the question of eye-training as carried out by Wing- 
Commander Clements. He (Colonel Heald) had been associated with Wing- 


Commander Clements from the beginning, and he admitted that at first he (Colonel 
Heald) was doubtful whether Wing-Commander Clements had made a genuine 
discovery or whether his results were merely due to the rest his pupils had when 
they were under treatment by him. But there was now no doubt of the value 
and genuine nature of his discovery and that his work was not only applicable 
to the training of pilots, but was capable of improving the pleasure of other 
people in the sport which was their hobby. An aspect of the paper which appealed 
to him particularly was where the author dealt with the value of collaboration 
with non-medical men.. He (Colonel Heald) felt strongly that great progress in 
aviation might be secured by improving that collaboration. At one time he 
believed Wing-Commander Flack was on a committee in which medical opinion 
was called for on quite non-medical matters, suchais the provision of electric suits. 
Within the last week he (Colonel Heald) had a pilot before him who was going 
to fly over the ice floes of Newfoundland to hunt seals. The cold was intense 
there. Upon being asked whether he was going to use one of the electric suits, 
he said certainly not; it was not because the suit was inefficient, but because of 
the difficulty of not being able to get rid of perspiration and its consequent freezing 
around his body when he had to turn off the machine because it had got over-hot. 
Also the wing motor generating the current often froze, cutting off heat when 
most needed. He was sure Wing-Commander Flack could get rid of that diff- 
culty, so that the electric suit would function properly in the intense cold. His 
reference to the steps taken to mitigate head injuries was another good example 
of the value of the association of medical and non-medical men together. They 
were about to institute a conference of great interest, presided over by Wing- 
Commander Clements, with regard to the duration of flashes from lighthouses 
over the aerial routes and the best means to prevent their being mistaken and 
confused with towns and other lights. He did not know of anybody more suitable 
than the Lecturer to help to secure progress in that direction. He would like to 
suggest for the consideration both of the Department of Scientific and Industrial 
Research and of private firms a closer co-operation between medical and non- 
medical experts so that the brains of men of such standing in the knowledge of 
physiology and of flying in its medical aspects as their Lecturer could be made of 
full effective use. 


Wing-Commander Harpy WELLS said this loss of muscular balance in the 
eve cases was an indication of nervous breakdown. Although that might be cured 
by exercises, in the long run the pilot was temperamentally unfit and would break 
down again. They might find out whether a candidate was physically fit, but 
had they any means of finding out whether he had the right temperament? 
Though physically fit, he might break down after a certain time. Would it be’ 
any good to obtain the photographs of their successful and unsuccessful aviators 
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and try to find out something by that means? He thought the best men were 
what he called the bird-like type—not like a parrot, which might be compared 
to the men who flew badly and landed badly—but alert men rather like a sparrow ; 
the quick, keen and alert type. He thought by the Lecturer’s tests they would 
do away in a great measure with the fatalities from unknown causes that happened 
to experienced pilots. The one point to be borne in mind was that all pilots 
must be examined regularly at intervals of not longer than three months and 
always after illness, as they were in the Roval Air Force. It was noticed some 
time ago that after influenza pilots complained of being giddy and faint in the 
air, and he had no doubt a certain number of fatalities occurred through that. 
This was particularly so in the case of mild influenza, when the pupil or pilot 
was keen to fly again. If he was really ill he had no such wish. In the inland 
area of the Royal Air Force, pilots who had mild attacks of influenza had to be 
examined by a medical officer and be pronounced fit before being allowed to fly 
again. 


In reply to a question by Wing-Commander. Clements, Wing-Commander 
Hardy,Wells said the men he had referred to were neurasthenic. It was a nervous 
breakdown, and the eve gave early indication. 


Wing-Commander BowDLER said it was always a great pleasure to him to 
listen to remarks on the human machine by so human a physiologist as Wing- 
Commander Flack. During the last three and a half years it had been his (the 
speaker's) lot, with the assistance of other medical officers and with the expert 
advice of specialists in various branches of medical knowledge, to attempt to select 
the human machines which were best fitted to render prolonged and _ efficient 
service in the air. During this lecture he had felt how similar their methods of 
procedure in selecting candidates were to those which.an expert motor engineer 
would adopt if called upon to express an opinion on the merits of a second-hand 
car. All their candidates might be regarded as *‘ second-hand machines ’’ as they 
had been subjected to certain stresses. The engineer would consider the reputa- 
tion of the manufacturer of the car for design, material and workmanship, and 
those at the medical board attempted to gain some information as to the physical 
soundness and nervous stability of the candidate’s parents. The engineer would 
possibly know of some defects which were commonly met with in that type of 
car and would be en the look out for similar defects in the particular car he was 
examining. The medical officers also attempted to obtain information as to any 
physical defects or disease which might have occurred in the near relatives of 
the candidate and might give a clue to some inherent weakness which might be - 
present. The engineer would possibly wish to know why the owner was desirous 
of disposing of his car, and they, the medical officers, would like to know the 
candidate's motive for disposing of his ‘‘ human machine’ to the Air Force. 
It gave some idea of his temperament. Then the engineer went into the question 
of mileage and the conditions under which the car had been run, and they, the 
medical examiners, also considered the stresses and strains to which the candidate 
had been subjected. The engineer examined for any gross defect and the medical 
man for organic disease which might render the machine ineffective. Then they 
had to part company. The engineer would probably insist on a trial run, but the 
medical officers had to make their decision then and there, in the examination 
reom. It was in forming an opinion as to endurance that they met with their 
greatest difficulty and it was in that difficulty that the tests, many of which the 
Lecturer had devised, had proved of such great value. It did not-do to push the 
motor simile too far. The human machine had powers of adaptation which in 
some cases rendered it able to make good in spite of certain defects, and further, 
there were those imponderable things which Wing-Commander Wells had referred 
to—temperament, mentality, ‘‘ guts,’’ or whatever one liked to call them, which 
were frequently deciding factors leading to success or failure. 
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Mr. H. R. GILMAN said he knew nothing of medical matters, but it occurred 
to him to ask whether any difference had been noted between the evesight of 
people who spent their lives on high mountains, such as those in Switzerland or 
the Himalayas, and those who lived in the plains. Were they any acuter in 
vision or more used to the foreshortening of the plains they saw below? Perhaps 
if it were known where a pilot had been born and had spent his early years it 
might lead to some line that would render useful data and form some sort of 
standard for judging pilots. 


Major D. H. Krenxxepy said it was a matter for regret that General Bagnall 
Wild, Chief of the Inspection Department, was not present. In view of the 
numerous references to inspection of engines, he felt that the Lecturer had sug- 
gested a useful and novel extension of the Inspection Department. Had the 
Lecturer formed any opinion on the subject of the influence of the age, per se, on 
the ability, or otherwise, of men to fly. When, during the latter half of the last 
century, the bievcle was introduced, it was at first thought to be an exercise 
suitable only for extremely active persons, but it had been seen how their use had 
been extended from the voung to the comparatively old. At the beginning of the 
present century, motoring went through a similar cycle, and the speaker inquired 
whether the Lecturer thought that the same sequence would obtain in the case of 
flving. 

Wing-Commander CLEMENTS said that with regard to eyesight, he had been 
expecting to have ‘* thrown at’? him the usual question : ‘* How is it that one-eyed 
men can fly?’? He admitted that one-eved men could fly certain types of machine, 


but those men had learned from past experience to be content with one eye. They 
who had two eves had not learned what the one-eved man had had from necessity 
to learn. The pictures in that room were a good example to illustrate the difference 


between one-eved and two-eved men. The artist tried to cheat one by endea- 
vouring to give the appearance of depth on a flat surface; he could not cheat those 
with two eves as he could those with only one eve, because those with two eves 


could not get away from the fact that the picture was flat. Those with two eves 
got the impression of solidity, on looking at a solid object, by means of the 
slightly different point of view of their two eyes. The one-eyed man gauged it 


because he was accustomed to deal with accessory criteria of, or adjuncts to, 
solidity ; he dealt with the problem by being able to move his head a little from 
one side to the other, thus getting an idea of solidity from two different points of 
view. He was also able to notice shadows which those with two eves hardly 
appreciated. He had experimented with two men in Greenwich Park. One of 
these had recently been in a crash and had become practically one-eyed ; the other 
had always been one-eved. He asked them to tell him the position of certain 
trees with regard to themselves—which were in front and which behind. The 
man with one eve placed them in their proper relative positions and within about 
three feet of their correct positions, but the man who had crashed could not tell 


even their relative positions at all. The one-eved man explained that with the 
sun in its position at that time he could see the little shadows on the edges of 
the trees. An hour sooner or later he could not have done so. When one went 


up in an aeroplane, those shadows were not in the same relative positions as those 
to which he was accustomed. Heights were foreshortened, and shadows almost 
entirely different from what one saw when on the ground. On the ground one 
Was moving in two dimensions, and, as the Lecturer had said, in an aeroplane 
one moved in three. That was so immediately the wheels of the aeroplane left 
the ground, and it was that third dimension which was required in making a correct 
judgment of distance. The equivalent of the third dimension had always been 
given to one unasked for, when on the ground. From babyhood, one had learnt 
it' from the contact of one’s feet with the ground, and from that one knew the 
relative positions of other objects looked at. With regard to the question of the 
eve muscles, if one looked at a picture, each eve saw it separately, and by muscular 
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adjustment had to place one image over the other. That was quite practicable 
with a big picture, but if one had to place two small points one over the other, 
he could not do it unless he had a perfect muscular balance. The images of the 
two points could not be kept in position if the points were rapidly moved, especially 
if they were moved towards or away from the eyes. Rapidity of movement was 
a serious obstacle to the correct judgment of distance. A man who could, if he 
had time, make a good judgment of distance might not be able to do so if called 
upon to do it rapidly. One had not much time for forming such judgments in a 
machine like a ‘* D.H.5.’’ If one looked at a chair and said, *‘ That is a chair,” 
that was not the estimate of a single sensation but the product of the correlation 
and judgment of the different sensations which were recorded in one’s mind. He 
would say, “‘I have seen that object before, and it is called a chair.’’ That 
opinion was the result of memory built up by progressive stages, and the inter- 
mediate stages had now been lost through disuse. A man was always first taught 
military drill ‘‘ by numbers,’’ and when he was perfectly familiar with those 
numbers taken separately, he was made to unite them into one group of move- 
ments, and eventually the numbers, as such, would be forgotten. If, however, 
anything went wrong with the finished performance, and he was taken through 
the drill ‘‘ by numbers *’ again, it would be found that he had been doing some- 
thing wrong in one of the ‘‘ numbers,’”’ and directly that particular ‘* number *? was 


put right, the complete movement would rapidly become correct again. That was 
really the principle of the speaker’s method of eye-training. The training gave 


the men a chance of either getting back what they had had before, or, if they had 
always been weak in any particular movement, correcting this. He agreed with 
Wing-Commander Hardy Wells that there was, in certain cases, the question of 
mentality to be considered, but he thought it possible that in the great majority 
of cases, the deterioration of mentality was brought about by the eve trouble rather 
than the converse. If one took away the irritation which temporarily affected the 
eves of such subjects, it was possible that the mental condition would materially 
improve. 

He said that one observed a tendency in one who had lived in the open 
air, who played games, and was accustomed to seeing objects at long distances, 
to be the better man in regard to judgment of distance. If anyone had 
a close occupation or clerical work, entailing eight or more hours’ close 
work per diem, that man’s world was really within the limits of his own room, 
and he had not the chance of, or necessity for, looking into distance; his judgment 
of distance deteriorated from disuse, and also, which was more important from 
the aeronautical point of view, his power of observation in the very far distance 
was much reduced. There were certain men in the Air Force who could identify 
an aeroplane before others could hear it, and probably two or three minutes before 
others could see it. He had known instances of this occurring in France. Twenty 
or thirty men would be standing around looking for machines to return from 
their afternoon’s work, and one man would say, ‘‘ There is so-and-so. . . . There 
he is!’? while others could not see anything in the sky. That man’s ancestors 
might have lived on the tops of mountains—but the speaker did not, unfortunately, 
know anything of this. 

The Lrectvrer, replying to the discussion, said he had left out the questiov 
of temperament, as Dr. Stamm had dealt with that point before the Society. 

In regard to the question raised by Colonel Heald as to whether special 
psychological methods should be adopted here, he personally was averse to the 
adoption of any elaborate method for the British pilot at the moment since they 
wished to keep the medical examination as simple as possible. Eye-strain in a 
great number of cases was merely an expression of general fatigue which had 
overcome the whole mechanism. Often in the eve muscles there was a slight 
weakness, and one could get good results by gradually training up the efficiency 
and endurance of the affected muscle. He agreed with Wing Commander Wells 
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in regard to the after effects of influenza. In his own experience there had been 
one or two serious accidents due to this cause. When he was working at the 
hospital he was greatly impressed by the fact that after quite ordinary cases of 
influenza the subjects gave a very bad performance on the tests he had described. 

In regard to periodic overhaul in the prevention of accidents, it was his 
experience, when working out the tests, to go to an aerodrome to examine those 
who were deemed to be the best men. On one occasion he saw a pilot and did 
not care about his condition as shown by these experimental tests. A week later 
he (the Lecturer) asked about him and was told he was all right and could not be 
taken off. Three days later he was killed, the machine having crashed from some 
unknown reason. In the Lecturer’s opinion the reason was probably failure of the 
blood pressure. 


With regard to the question of the eyesight of mountain dwellers, he was 
afraid he knew nothing about that from the point of view of good judgment of 
distance, but when they had to choose between an open-air man and one who had 
had a sedentary indoor life, they chose the open-air man because his visual judg- 
ment was generally the better. People who did close eye work tended to become 
monocular. They got a considerable percentage of the pilots who could not land 
satisfactorily from men of that class. As to age, it had to be remembered that 
fighting was often intimately associated with flying, but dealing with the flying 
point of view alone, one had to remember two old sayings, ‘‘ A man is as old as 
he feels’? and ‘‘ A man is as old as his arteries.’’ If he overhauled a man getting 
on in vears and found his machine gave a good performance he said he was all 
right; if the human machine gave a bad performance, even though he were a 
young man, he informed him that he was unfit to fly. 

A vote of thanks was accorded the Lecturer on the motion of the CiairMAN, 


and the meeting also expressed its thanks to the Chairman on the motion of Wing- 
Commander CAvE-BROWNE-CAVE. 
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CORRESPONDENCE. 


To the Editor of the AERONAUTICAL JOURNAL. 


DEAR Sik,—It is a matter of regret to me that I was unable to attend Major 
Hills’ lecture on twin and single engine aircraft, the more so since it represents a 
valuable attempt to bridge the gap between designers and pilots, a gap due largely 
to a mutual lack of self-expression in common terms. 

The primary point brought out in Major Hills’ Paper is that the reaction of an 
aeroplane to a sudden change of conditions must be slower than the human reaction 
of the pilot to correct these new conditions, and as a corollary the man must have 
enough power over the machine to bring about the necessary correction. 

Judging by Major Hills’ Paper he considers that with a skilful pilot the first 
condition is fulfilled except in the case of one engine of a twin failing, when the 
machine will swing so suddenly that the man is liable to lose control; as’ to the 
second condition it is met at high speeds but not at low. 

It would appear then that the problem before the designer of a twin is to reduce 
the rate of swing on one engine cutting out to a point at which it is manageable, 
not to sacrifice the fundamental advantage of a twin (ability to carry on with less 
one motor) by the use of mechanisms which arrange for both engines to cut out 
simultaneously. 

Consider a twin aeroplane having inward turning screws and fin or rudder 
directional surfaces in the upper part of the slip steam; the rotational swirl of the 
slip stream will give an inward component of velocity to the air passing over these 
directional surfaces resulting in an inward force on each side at the tail pushing 
it to starboard in the case of the port fin and vice versa. 

Under these conditions should the starboard motor, for example, cut out, the 
thrust of the port engine will tend to swing the iail round to port; that is, to 
move it against the force exerted by the slip stream of the port engine on the 
port fin, the effect of the latter being to reduce the rate of swing. 


With outward turning airserews the force on the fin will be in the same 
sense as the pull of the motor, and increase the rate of swing, while with airscrews 
of the same hand the effect will in one case be additive, in the other differential. 

It would be of interest to have Major Hills’ experience in the case of the 
Vickers Vimy and Handley Page o/4co machines, which fulfil the conditions 
indicated, 

That the effect exists was shown in the case of a Vimy which proved capable 
of flying on the port motor (an inward turning engine) but had to be flown faster 
and so lost height when keeping a straight course on the starboard engine. 

A strong case is to be put forward for the use of inward turning screws on 
twin-serewed aircraft; the fin effect can probably be increased (by the use of 
cambered surfaces on the inboard sides of the fins) to a point at which the machine 
can be flown straight at or below her climbing speed with one motor and little 
or no rudder. 


Before proceeding to the question of control at low speeds, there is a point 
which appears to have escaped the lecturer in connection with four-engine machines 
such as the super-Handley or Breama. If the back engine of a pair suffers a 
structural breakage such as a crank shaft or a small propeller fracture, this engine 


cannot be stopped on account of the slip stream of the front motor. 
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The continued turning of a faulty engine may in these circumstances produce 
such vibration as to force a descent. 

This is, of course, merely an argument in favour of making each pair of 
engines drive a single large airscrew by means of gearing; with such a layout it 
is possible to use engines all of one hand but at the same time to retain inward 
turning screws and a simple design of gearing. 

The question of control at low speeds is certainly of vital importance. War 
machines have sacrificed this feature to the manoeuvrability at high speeds neces- 
sary for fighting purposes. 

There are certain aircraft to-day which have to be landed at speeds 5—10 miles 
per hour faster than necessary solely on account of poor control at the lower 
velocity. Observation of the slow speed tests in the Air Ministry competition 
lead me to believe that success in this test was far more a matter of control than 
of wing section or within limits loading. 

For commercial work control at low speeds will become of great importance. 
I have been told that certain of the earlier machines built at Farnborough could 
out-manceuvre a scout if kept to a low speed and were very heavy and slow on 
control when flown fast. Major Hills’ experience on this point would be of great 
interest. 

Apologising for the length of this communication, 

Believe me, Sir, 
Yours faithfully, 
3. THomson. 


_ 


Combe Close, 
Woldingham, Surrey. 
November, 1920. 


To the Editor of the A®RONAUTICAL JOURNAL. 


Pear Str,—The AERONAUTICAL JOURNAL for November, 1920, contains some 
‘remarks concerning some fundamentals of the theory of blade screws ”’ by Dr. 
George de Bothezat, in which the following statement occurs :—*‘ In the so-called 
Cascade Theory of Mr. R. M. Wood, the existence of an inflow produced by the 
blade considered is denied, and only inflow produced by the other blades is 
admitted.” Mav I plead ** Not guilty,”’ and in support, quote my actual words 
from Advisory Committee Report R. & M. 639 :—* The disturbance of flow @t an 
airscrew blade element consists of one part due to the local action of the element 
and to another part due to the remoter action of the whole airscrew. Only this 
latter part necessitates a correction being applied to the aerofoil coefficients 
assumed for the element; the local disturbance was equally present in the aerofoil 
tests from which the coefficients for the elements are derived.”’ 

I do not question Dr. de Bothezat’s anaivsis of the flow and the values 
obtained for the inflow veloeiiies, but T state that in using the ordinary aerofoil 
tests which have been made in wind channels in the analysis of the forces acting 
on an airscrew, this inflow must be regarded as composed of two parts only, one 
of which js to be taken into account, this part representing the interference due 
to the other blades and to the blade itself at angular distances of +2n7 where 
n has every integral value except o. 

Dr. de Bothezat may conceivably obtain his aerofoil data in some other way 
than that I have discussed, in which case my criticism of his work requires 
reconsideration, 


In conclusion, 1 believe in the approximate truth of the relation a=}! for 
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the total inflow ; but I believe most airscrew designers will agree with me that in 
general this is found to over-estimate the mutual interference of the blades. 
Yours faithfully, 
R. McKixnon Woop. 
Royal Aircraft Establishment, 
South Farnborough. 
12th November, 1920. 


To the Editor of the AERONAUTICAL JOURNAL. 

The recent publication of R. and M. 639 (R. McK. Wood, Bradfield and 
Barber, September, 1919) on the application of multiplane interference to airscrew 
design, suggests some remarks on recent contributions to your Journal by Dr. 
Watts, Mr. Riach and Dr. Bothezat. 

Taking first Dr. Watts’ superposition of Drzewiecki’s pulsating inwash 
disturbance repeated in two, three, four-phase distribution round the cycle, Mr. 
Riach put a query not vet answered. 

The present writer ventured to apply the method for the two-phase distribution 
only, in which case one or both components are small round the whole cycle 
compared with the maximum value, so that the crror arising from taking the 
arithmetic sum as the actual physical resultant is probably in small excess. 

In Dr. Watts’ extension to multiblade screws the error will probably be in 
serious excess, the superficial analogy with superposition of torques in a multi- 
cylinder engine being clearly unsound. 

Turning to Dr. Bothezat’s suggestion that the existence of inflow is denied 
altogether, he has surely not taken pains to consider the very simple physical view 
that inwash (in the absence of conserved energy in closed circuits round the air- 
screw) is very closely analogous to downwash in a continuous series of aerofoils in 
tandem. 

This view receives strong encouragement from the report cited. 

There will always remain, of course, small discrepancies in the analogy, and 
consequently in the test results, and these will only vield to suitable special methods. 

With Dr. Bothezat’s complaint of inadequate references, the writer has 
much sympathy. 

The trouble arises in the aeronautical literature of all countries, partly from 
the youth of the scieace with its faults of inexperience and self-sufficiency, to be 
cured by time alone, partly from the struggle for place and award, inseparable 
from organised and industrial research, to be moderated only by abolishing ambition 
from human nature. 

Later, a more detached survey by pure scientists may be a fairly effective 
check on mere intellectual dishonesty. Meanwhile, let us practise and welcome 
independent criticism. 

In conclusion, one would like to see fuller recognition of Osborne Reynolds in 
Dr. Bothezat's own references. 

A. R. Low. 


London, November, 1920. 


December, 1920] THE AERONAUTICAL JOURNAL 667 


REVIEWS. 


The book by Mr. .\. W. Judge entitled ** Ferrous Materials ”’ is the first part 
of a treatise which is being prepared upon the materials of construction used in 
aircraft and automobile engineering. In the preface the author states that 
the book has been written for the benefit of the users of ferrous and non-ferrous 
materials and not for the metallurgist. .\ further quotation from the preface 
is that 

‘The present work covers a wide range, and may be regarded as con- 
taining the more directly useful information and data from a large number 
of specialist books upon the subjects treated, supplemented by modern data, 
kindly supplied by the leading manufacturers in this and other countries, and 
by the inclusion of matter derived from the current and past proceedings of 

Various societies and institutions,” 


It will probably be fair to judge the book in the light of the above extract, 
and therefore to regard it not as a book which has been written by any particular 
person, but as a collection of pieces of scattered information which have been 
edited by somebody. Since the book is almost entirely editorial it appears that 
the duty of the reviewer is to examine as to how far the editing has been well and 
truly done. It is very doubtful, however, whether an author can justly be acquitted 
in this way of the responsibility for the statements to which he attaches his name. 
The writers of expensive books must observe certain obligations to their readers, 
and it would appear that one of the least would be to ensure as far as possible 
that the volume which is being written or edited speaks the truth and that succes- 
sive pages are not contradictory. Unfortunately this duty, in so far as the 
metallurgical side of the book is concerned, has been neglected in a serious 
measure. The various pieces of information are gathered together without critical 
examination, and apparently without sifting, and are published without comment, 
analysis or conclusion, 

The book contains a section dealing with the general properties of materials, 
principally elasticity, stress and strain, which is written on the approved lines. 
It also contains sections dealing with testing machines, furnaces and pyrometers, 
in which the information is chiefly that gleaned from the catalogues of the makers 
of such articles. © The remainder of the book is a compilation of all kinds of 
information regarding iron and steel. This is the portion of the book in which 
the clip of the scissors and the splash of the paste brush are most noticeable and 
most harmful in their effects. The compilation of a chapter on testing machines 
by this method is comparatively justifiable because the information can be checked, 
and in any case is fairly harmless, but when the more scientific part of the subject 
is being handled the method of compilation must be used carefully or the results are 
most unsatisfactory. The author of this work does not appear to have any exact 
knowledge of iron and steel on the metallurgical side, and it seems that it is in this 
branch of the subject of materials that the engineer nowadays requires guidance. 
With the advent of alloy steels and the extension of the list of ferrous materials 
which are being used by the engineers, it is more and more necessary that the user 
shall be in a position to appreciate the fundamental facts regarding these materials 
and to discriminate reasonably amongst the legions of materials proffered. What the: 
engineer or user generally requires is not ‘* information *’ but ‘‘ knowledge,’’ and 
this is precisely what the present book does not supply. The accumulation of data 
which may or may not be correct is useful, but if the undigested mass is unloaded 
without any critical commentary the reader of the book is very little better off. 
It is scarcely fair to the reader of a book of this kind to expect him to have to- 
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read all the evidence (without any assistance to enable him to estimate its accuracy) 
and then to draw his own conclusions without the benefit of a judicial summing 
up. Surely even in an editorial book the reader is entitled to expect as much as 
this. Unfortunately the evidence supplied by many of the statements made by the 
author on his own responsibility does not suggest that too much confidence could 
be placed in the summing up were it made. 

In many respects the volume is a very useful one. .\ large amount of informa- 
tion is provided, and the tables of figures are extensive, clear, and in many cases 
appropriate. As a book of reference many users of materials would doubtless find 
it quite valuable, but as a text book it is scarcely to be recommended because of 
the notabie defect enlarged upon above. 


Aeroplane Structural Design. Jones and Frier. Pitman. 21s. 


This book differs from the majority of works on aeronautics hitherto published. 
Its principal feature is the detailed calculation made for the complete structure 
of a typical aeroplane. The stages in the calculation are connected by descriptive 
matter advancing reasons for the methods used. 

It will thus commend itself to the draughtsman, but the student will probably 
not find it so useful as it does not pay much attention to the theoretical bases 
underlying the work. 

On the whole the methods of calculation given are reasonable and simple in 
application, but some of them are rather out of date and have been superseded by 
others more accurate in character. 

Certain treatments given are open to more serious criticism than this, e.g., 
the method of distributing the torque on a fuselage is incorrect. This problem, 
we believe, cannot be solved without applying the principles of strain energy, and 
the simple treatment suggested by the authors of this book may lead to serious 
error. 

The new schedule of load factors issued by the Air Ministry is included, and 
we would suggest that in a future edition the curves of load factors plotted against 
wing area might advantageously be omitted. The same remark applies to the 
curves of tail load and tail areas. In our opinion all these curves are open to very 
serious criticism. 

There is one other point which is rather surprising, viz., the absence of any 
reference to the work of Messrs. Booth, Bolas and Berry upon the problem of spar 
stresses, although the much later work of Messrs. Webb and Thorne is referred 
to at some length. 

On the whole, however, this is quite a useful book, and one which should 
prove of value in the drawing office. 
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